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Abstract  
This   dissertation   was   written   as   a   part   of   the   MSc   in   Energy   Systems   at   the  
International  Hellenic  University.  Here  is  a  summary  of  the  dissertation.  
     
The  purpose  of   this   study  was   to   identify   the  electricity  exported   to   the   central   grid  
from   RES   with   a   focus   on   PV   systems   and   wind   turbines,   taking   into   account  
parameters  such  as  the  different  policies  and  the  meteorological  conditions  that  exist  
throughout  the  country  as  well  as  grid  connection  issues  in  Cyprus  
The  installation  of  wind  farms  and  photovoltaic  systems  constitutes  a  solution  for  the  
continuously   increasing   energy   demand   of   this   highly   developing   region.   The  
combination   of   the   interconnections   that   take   place   between   the   island   and   other  
countries,   and   the   growth   of   Wind   Farms   and   PV   systems   enable   the   progressive  
decommissioning  of  the  crude  oil  power  stations,  resulting  in  numerous  environmental  
and  financial  profits  as  well  as  putting  an  end  to  the  significant  energy  dependence  of  
Cyprus  on  third  countries.  
The   solar   and   wind   potential   of   Cyprus   seems   capable   of   supporting   the  
transformation   of   the   island’s   energy   system   from   an   almost   totally   dependent   on  
imported  fossil  fuels  to  a  modern  one  in  which  indigenous  sources  of  energy  will  have  
an  important  role  in  reducing  import  fuel  and  increasing  energy  of  supply.  
Georgia  Grigoriou  
26/09/2011  
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1 Introduction  
Due  to  the   increase  of  the  consumption  of  electricity,  several  environmental   impacts  
have  been  presented  within  the  recent  years.  Therefore,  with  the  amount  of   impacts  
on  the  rise,  a  number  of  different  policies  have  been  promoted   in  order   to  establish  
the   installation   of   PV’s   and   Wind   Farms   as   well   as   other   renewable   technologies  
worldwide,   including   Cyprus.   Through   this   evaluation   of   the   different   policies,  
meteorological   conditions,   grid   connection   issues,   and   wind   and   solar   potential  
throughout   the   country,   the  maximum  possible  production  of   energy  by  PV   systems  
and  Wind  Farms  would  be  assessed.  
  
Energy  production  from  Renewable  Energy  Sources  is  of  prime  importance  for  Cyprus  
to  achieve   its  objectives  and  align  with  the  requirements  of   the  European  Directives.  
Specifically,   the   European   Union   has   set   an   indicative   target   for   Member   States   to  
produce   13%   of   domestic   energy   consumption   by   RES.   The   figure   for   Cyprus   was  
defined  to  6%  by  2010  with  the  necessity  to  reach  13%  RES  by  2020.  
  
According  to  Article  2  of  the  Directive  2009/28/EC,  “energy  from  renewable  sources”  
means   energy   from   renewable   non-­‐fossil   sources,   namely   wind,   solar,   aerothermal,  
geothermal,   hydrothermal   and   ocean   energy,   hydropower,   biomass,   landfill   gas,  
sewage  treatment  plant  gas  and  biogas.  
  
Renewable  energy  represented  half  of  the  newly  installed  electric  capacity  worldwide  
in  2010,  and  it  is  becoming  increasingly  important  in  the  heating  and  transport  sectors.    
As   the   thesis   focuses   on   power   production   by   PVs   and   Wind   Farms,   information  
regarding  the  evolution  of  solar  and  wind  power  and  their  exploitation  globally,  during  
the  last  15  years  is  briefly  presented  in  Figure  1.1  and  Figure  1.2.  
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Wind  power  is  a  plentiful  Renewable  Energy  Source,  widely  distributed  and  produces  
no   greenhouse   gas   emissions   during   operation.   The   exploitation   of   Wind   power   is  
mainly  applied  with  wind  turbines.    
According   to   the   World   Wind   Energy   Association   at   the   end   of   2010,   worldwide  
nameplate   capacity   of   wind-­‐powered   generators   was   197   GW,   and   the   energy  
produced  was  430  TWh  which   represents  2,5%  of   the  global  electricity  demand.  The  
evolution  of  wind  power  exploitation  is  illustrated  in  Figure  1.1  0.  
  
  
Figure  1.1:  Wind  Power,  Existing  World  Capacity,  1996-­‐2010  
Source:  REN21  (2011)  
  
Solar  power  exploitation  can  be  achieved  using  photovoltaic  modules  which  produce  
electricity  among  other  things.  
According  to  REN21  Global  Status  Report  for  2011  [2],  the  PV  capacity  that  was  added  
worldwide   in   2010   brought   the   global   total   to   about   40   GW.   The   evolution   in   solar  
power  exploitation  by  PVs  is  presented  in  Figure  1.2  0.  
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Figure  1.2:  Solar  PV,  Existing  World  Capacity,  1995-­‐2010  
Source:  REN21  (2011)  
  
The   various   forms   of   Renewable   Energy   Sources   (solar,   wind   energy,   hydro   power,  
geothermal   energy,   biomass,   etc)   have   the   following   advantages   over   conventional  
forms  of  energy[3]:  
§ There   are   virtually   inexhaustible   sources   of   energy   that   can   help   reduce  
dependence  on  finite  conventional  energy  resources  
§ They   are   domestic   energy   sources   that   can   contribute   to   increasing   energy  
independence  and  energy  security  at  national  level  
§ They  enable   the   selection  of   the  appropriate   form  of  energy   that   is   tailored   to  
the  needs  of  each  region  by  achieving  more  rational  use  of  energy  resources  
§ Operating  costs  that  are  not  affected  by  fluctuations  in  the  prices  of  conventional  
fuels  
§ Renewable   Energy   Source   investments   in   the   manufacturing   stage   is   labor  
intensive,  creating  many  jobs,  especially  locally  
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§ In   many   cases,   they   can   be   the   core   of   economic   and   social   revitalization   of  
deprived  areas  and  a  pole  for  local  development  
§ Help  to  prevent  releases  of  CO2  and  other  Greenhouse  gas  emissions  
§ Environmental  and  human  friendly,  generally  accepted  by  the  public.  
  
In   the   following   chapters,   the   issue   of   energy   production   by   photovoltaic   and  wind  
turbines,  and  ultimately  the  calculation  of  the  maximum  power  production  by  RES   in  
Cyprus  will  be  presented.  
In   Chapter   2,   the   current   status  of   Cyprus   is   presented   regarding   energy   supply   and  
demand,  and  the  progress  of  RES  environment.  Moreover,  there  is  a  brief  reference  to  
the   national   specificities   related   to   energy,   to   the   national   energy   policy   regarding  
renewable  energy  and  grid  interconnection  issues,  as  well  to  basic   information  about  
solar  and  wind  technologies.  
In  Chapter  3,   the   solar  and  wind  energy  potential   are  examined  by  means  of  official  
data   published   by   the   Meteorological   Service   of   Cyprus   and   meteorological  
information   given   from   the  RETScreen   Software  Database.  Also,   the  methodology  of  
the  estimation  of  the  Energy  Output  of  the  PV  Parks  and  the  Wind  Farms  is  described.  
In   Chapter   4,   the   different   scenarios   of   the   study   are   presented   including   the  
estimation  of  energy  exported  to  the  grid  by  photovoltaic  systems  and  wind  turbines.  
It  also  includes  data  processing  and  discussion  of  the  results.  
Finally,  in  Chapter  5  the  results  from  the  analysis  are  discussed  and  future  continuation  
possibilities  of  the  research  are  proposed.  
  
For   the   preparation   and   accomplishment   of   this   thesis   data   from   scientific   articles,  
published  studies,  environmental  studies,  and  official  reports  of  Cypriot  Ministries  and  
Agencies,  and  of  Global  Organizations  were  used.  The  data  is  primarily  concerned  with  
the  areas  under  the  effective  control  of  the  Government  of  the  Republic  of  Cyprus.  
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2 Literature  Review  
This   chapter   will   present   the   energy   situation   in   Cyprus,   the   local   institutional  
specificities,  the  different  energy  policies  for  renewable  and  grid  connection  issues  in  
the  island,  and  basic  information  about  solar  and  wind  technologies.  
2.1 Cyprus  Energy  Situation  
  
Cyprus   is   an   island   in   the   Eastern  Mediterranean   with   an   area   of   9.259   km2   and   a  
population  of  about  800.000.  Cyprus  has  no  natural  oil  resources  (currently)  and  relies  
entirely  on  imported  fuel  for  its  energy  demands;  95%  of  Cyprus  primary  energy  supply  
needs   originate   from   imported   crude  oil   and   final   oil   products.   The   transport   sector  
consumes  almost  all  the  gasoline  and  kerosene  imported  and  50%  of  diesel[4].  
  
  
Figure  2.1:  Cyprus  map  
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Some  of  the  main  characteristics  of  the  energy  system  of  Cyprus  are[5]:  
§ Isolated  Power  System  
§ Heavy  dependence  on  imported  petroleum  products  
§ High  cost  of  energy  supply  
§ High  growth  rates  of  energy  demand  
§ Seasonal  variations  in  energy  demand  
§ Stringent  environment  restrictions  
§ Great  potential  for  exploitation  of  available  renewable  energy  and  energy  savings.  
  
2.1.1 Energy  supply,  production  and  consumption  
 
Electricity  access  
The  electricity  produced  in  the  government  controlled  areas  of  the  Republic  of  Cyprus  
consists  of:  
a) Electricity   generated   by   the   three   Power   Station   of   the   Electricity   Authority   of  
Cyprus  (EAC)  
b) The  energy  produced  by  Auto-­‐producers  
c) The  power  produced  by  Independent  Power  Producers  with  the  use  of  RES  and  
Conventional  Generating  Units.  
  
The  Electricity  Authority  of  Cyprus  relies  basically  on  imported  fuels,  mainly  heavy  fuel  
oil,   for   the   production   of   electric   energy.   Electricity   Authority   of   Cyprus   owns   and  
operates  three  Power  Stations  with  a  total  nominal  capacity  of  1118  MW  (Table  2.1).  
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Table  2.1:  Structure  of  the  energy  production.  
Power  Stations   Engine  Type     Capacity  (MW)     
Vasilikos  Power  Station   3  Steam  units   390     
1  Gas  Turbine   38     
Dhekelia  Power  Station   6  Steam  Units   360     
Moni  Power  Station  
  
6  Steam  Units   180     
4  Gas  Turbines   150     
Total  Installed  capacity      1118     
Source:  EAC  (2011)  
  
Vasilikos   Power   Station,   is   situated   around   25Km   east   of   Limassol   on   the   southern  
coast  of  Cyprus.  In  2006,  the  power  station  1generated  49,  66%  (2.293,4  GWh)  of  the  
total  electricity  produced  by  the  Authority’s  Power  Stations.  During  the  same  period,  
the  Station  exported  2.160,2  GWh  which  corresponds  to  49,52%  of  the  total  electricity  
exported  from  the  Authority’s  Power  Stations  [6].  
  
Dhekelia   Power   Station   is   located   on   the   south   east   coast   of   the   island.   In   2006,   it  
provided  40,29%  (1.860,8  GWh)  of  the  total  electricity  generated  by  the  EAC’s  Power  
Stations.  During  the  same  period,  it  exported  1.768,3  GWh  which  equals  to  40,53%  of  
the  total  electricity  exported  from  the  Authority’s  Power  Stations  [6].  
  
Moni  Power  Station  is  located  on  the  eastern  side  of  Limassol,  on  the  southern  coast  of  
the  island.   In  2006,   it  produced  10,05%  (463,8  GWh)of  the  total  electricity  generated  
from  the  Authority’s  Power  Stations.  During  that  year,  the  station  exported  434,2  GWh  
which   corresponds   to   9,95%   of   the   total   electricity   exported   from   the   Authority’s  
Power  Stations  [6].  
  
                                                
1  Source:  EAC  generation  statistics  data  for  years  2005  and  2006  (Excel:  Stations)  APPENDIX  
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According  to  the  statistics  given  by  EAC  (Table  2.2),  the  overall  production  of  the  three  
Power  Stations  of  the  Electricity  Authority  of  Cyprus  was  5.204,  9  GWh  during  2010  in  
contrast  to  5.133,3  GWh  during  2009.  This  corresponds  to  an  annual  increase  of  1,4%,  
covering  the  total  energy  demand  of  the  residential,  urban,   industrial  and  rural  areas  
under   the  effective  control  of   the  Government  of   the  Republic  of  Cyprus.  During  the  
last   decade,   the   overall   production   was   increased   by   approximately   2200   GWh,   a  
72,5%  rise  on  electricity  production  since  2000  [7].  
  
Table  2.2:  Statistical  figures  for  Generation    
Description     2010     2009   Increase  
(Decrease)  %  
Total  units  generated  (GWh)   5.204,9   5.133,3   1,4  
Installed  capacity  (MW)   1.438   1.388   7,5  
Peak  load  (MW)   1.148   1.098   4,6  
Thermal  efficiency  of  generation  (%)   36,08   33,74   6,9  
Fuel  consumption  of  generation  
(tones)    
1.210.542   1.254.999   (3,5)  
Cost  of  fuel  (million  €)   439,51   344,92   27,4  
Load  Factor  (%)   51,8   53,4   (3,0)  
Source:  EAC  (2011)  
  
The  annual  peak   load  demand  and  the  annual  electrical  energy  since  1979  as  well  as  
the  forecast  annual  peak  load  demand  and  the  forecast  annual  electrical  energy  for  the  
period  from  2010  to  2010  are  demonstrated  in  Figure  2.2,  as  well  a  forecast  till  2020.  
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Figure  2.2:  Energy  and  peak  load  demand  for  the  period  1979-­‐2010.  
Source:  EAC  (2010) 
The  transport  sector  in  Cyprus  is  the  dominant  end-­‐use  sector,  accounting  for  39%  of  
the  final  consumption  in  2009,  followed  by  the  domestic  and  tertiary  sector  with  37%;  
industry  accounted  for  just  24%  of  the  final  consumption  (Figure  2.3).  
 
Figure  2.3:  Distribution  of  final  energy  consumption  by  sector  
Source:  Enerdata  (2011)  
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2011  Summer  Energy  Crisis  
The  Naval  base  explosion  which  happened   in  Mari  on   the  11th  of   July,  2011  knocked  
out  the  island’s  main  power  station  at  Vasilikos,  which  provided  more  than  half  of  the  
islands   electricity.   Some   400MW   to   450MW  was   the   estimated   power   loses   during  
peak  demand.  
The  island’s  other  two  backup  power  stations  in  Moni  and  Dhekelia  are  older  and  less  
efficient  than  Vasilikos  and  so  they  could  not  meet  the  demand.  
The  energy  crisis  caused  by  the  destruction  of  the  main  power  station  reinforced  the  
need   for   energy   supply   from   alternative   sources   and   led   the   country   to   speed   up  
procedures  for  the  exploitation  of  RES,  thereby  enhancing  the  national  power  network,  
and   contributed   to   the   promotion   of   renewable   energy,   a   promising  way   for   power  
production.   The   contribution   of   the  Wind   Farm,   the   only   installed  wind   farm   at   the  
moment  in  the  island,  in  the  energy  balance  of  the  country  was  significant.  
Meanwhile,   the   fact   that   the   grid   cannot   be  wholly   dependent   on  RES,   because   the  
production   of   solar   and   mainly   wind   energy   are   inextricably   linked   to   weather  
conditions   which   cannot   be   controlled,   has   as   a   result   the   need   for   better  
implementation   of   electrical   energy   storage   systems,   risk   assessment   of   the  
installation  of  RES,  and  feasibility  studies  to  link  the  existing  grid  with  energy  systems  
of  neighbouring  countries.  
  
Today,  due  to  extensive  damage  to  Vasilikos  Power  station  as  a  result  of  the  blast  of  
July  11th,  the  available  power  capacity  of  the  system  has  been  reduced  to  960MW  and  
therefore,   there   is   a   deficit   of   61MW   for   the   36th   week   of   the   current   year   in   the  
balance,  between  Available  Capacity  of  Power  Production  and  Peak  Demand  Forecast  
into  the  System  (Figure  2.4).  
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Figure  2.4:  Comparison  of  Forecast  and  Total  recorded  production  for  the  summer  
period  of  2011. 
Source:  TSO  (2011)  
  
Long  Term  Forecast  
According   to   the   Law,   the   Transmission   System   Operator   and   the   Cyprus   Energy  
Regulatory   Authority   approves   the   Long   Term   Forecast   of   Annual   Maximum  
Generation  and  the  Annual  Total  Generated  Energy  of  the  Republic.  
  
With  the  completion  of  the  data  recording  for  the  year  2010,  the  Transmission  System  
Operator   has   prepared   the   Long   Term   Prediction   for   the   decade   2011-­‐2020   that   is  
approved   by   CERA.   The   results   of   the   expected   values   of   the   Annual   Maximum  
Generation  and  the  Annual  total  Generated  Energy  are  shown  in  the  following  figures  
(Figure  2.5  and  Figure  2.6)  together  with  the  recorded  annual  historic  values  since  the  
general  electrification  of  Cyprus  from  1953  until  today.  
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Figure  2.5:  Long  Term  Forecast  of  Annual  Maximum  Generation  for  2011-­‐2020  
Source:  TSO  (2011)  
 
Figure  2.6:  Long  Term  Forecast  of  Annual  Total  Generated  Energy  2011-­‐2020  
Source:  TSO  (2011)  
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2.1.2 Progress  of  RES  environment  in  Cyprus  
  
Under  its  National  Energy  Efficiency  Action  Plan,  Cyprus  has  adopted  an  energy  savings  
target   of   2,15   TWh   by   2016,   as   requested   by   the   Energy   Service   Directive   of   the  
European   Commission.   That   amount   corresponds   to   10%   of   the   reference   energy  
consumption.  In  April  2003,  the  law  N33  (I)/2003  was  adopted  to  promote  investments  
in   energy   efficiency   and   renewable,   and   a   fund,   financed   by   a   tax   on   electricity  
(€0,22/kWh),  was  setup  to  subsidize  those  investments[8].  
Oil  covers  95%  of   the  country’s  needs,  with  a  constant  market  share  over   time.  As  a  
result   Cyprus   is   very   dependent   on   imported   fuels.   The   market   share   of   coal   has  
declined  since  1990  and  in  2009  fell  below  1%  [2].  
  
After  distinguishing  the  benefits  of  exploitation  of  indigenous  resources  of  biomass  for  
energy   production   in   2003,   the   Energy   Service   encourages   investment   in   biomass  
utilization   by   providing   financial   incentives   for   heating/cooling,   electricity-­‐
heating/cooling   cogeneration   and   biofuels.   Regarding   biofuels,   Cyprus   has   set   as   an  
indicative   target  of  1%  replacement  of  conventional   fuels  with  biofuels   for  2007  and  
2%   for   the   period   2008-­‐2009,   in   transports.   The   above   objectives   were   achieved.  
Moreover,   the   suppliers   of   fossil   fuels   are   required   to   mix   biofuels   in   conventional  
fuels  so  that  the  average  energy  content  of  biofuels  to  fossil  fuels  is  equal  to  2%  of  the  
total  energy  content  of  the  conventional  fuels  [10].  
Biomass  has   increases  rapidly   in  recent  years  and   in  2009   it  accounted  for  2%  of  the  
country’s  energy  consumption.  At  the  end  of  2007,  there  was  only  one  Biomass/Biogas  
unit   installed   in   the   island  with   an   installed   capacity   of   0,250  MW   and   annual   total  
production  of  37,279  MWh.  During  the  last  4  years,  that  amount  change  dramatically  
reaching  7,96  MW  total  installed  capacity  and  20.152,9  MWh  annual  total  production  
with  the  total  number  of  Biomass  unit  coming  up  to  11,  on  June  2011  [12].  
  
  -14- 
  
Figure  2.7:  Total  installed  capacity  of  Biogas  Units  in  Cyprus  
Source:  CIE  (2011) 
   
Figure  2.8:  Energy  production  by  Biogas  Units  in  Cyprus  
Source:  CIE  (2011) 
  
Solar   energy   is   well   developed   for   water   heating   use,   but   its   role   in   energy  
consumption   is  marginal.  About  92%  of  households   and  52%  of  hotels   are  equipped  
with  solar  water  heaters  which  according  to  a  European  Union  Study  makes  Cyprus  a  
pioneer  in  the  field  of  thermal  solar  energy  applications,  with  nearly  0,8m2  per  capita  
installed  collector  area.  The  total  installed  solar  collector  area  for  2009  is  estimated  at  
700.715  m2  while  the  installed  capacity  amounts  to  490,5  MWth.  Moreover,  Cyprus  is  
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holding   the   first  position  worldwide   in  per  capita  output   from  solar   thermal   systems  
(6,3  MWth  per  1000  inhabitants),  Figure  2.9  [9].  Currently,  about  200.000  units  are  in  
operation  and  they  contribute  4,5%  of   the  primary  energy  use  of   the   island.   In  brief,  
the   utilization   of   solar   thermal   energy   conserves   86.500   tons   of   oil   equivalent   and  
contributes   to   a   reduction   in   the   atmospheric   pollution   by   approximately   260.000  
tones  of  CO2  per  year  [26].  
  
  
Figure  2.9:  Solar  thermal  installed  capacity  (worldwide)    
Source:  [26] 
  
As  for  photovoltaic  systems,  the  first  PV  power  system  of  4,84  KW  was  installed  on  the  
17/02/2005.  By  the  end  of  2010,  647  PV  units  were  installed  and  operated,  connected  
to  the  grid,  with  a  total  installed  capacity  of  5,56  MW  and  4839,4  MWh  of  annual  total  
production.   For   2011,   the  number  of   installed  units   have   risen   to   705,   in   June,  with  
total   installed   capacity   of   6,84   MW   and   total   annual   production   of   3.964,2   MWh,  
which  is  almost  twice  the  respective  production  of  June  2010  [10].  
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Figure  2.10:  Total  installed  capacity  of  PVs  in  Cyprus  
Source:  CIE  (2011) 
  
 
Figure  2.11:  Energy  production  by  PVs  in  Cyprus  
Source:  CIE  (2011) 
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The  number  of  installed  Wind  Farms  in  Cyprus  at  the  end  of  2010  was  only  one,  with  
an  installed  capacity  of  82  MW  and  of  31.370,2  MWh  annual  total  generation.  Today,  
the  number  of  installed  Wind  Farms  remains  the  same  with  an  annual  total  generation  
reaching  the  58.566,4  MWh,  as  recorded  in  June  [10].  
Cyprus   is   targeting   a   wind   capacity   of   165MW   in   2013   and   is   aiming   for   around  
300MW   in   2020.   The   installation   of  Wind   Farms  with   a   total   capacity   of   165MW  by  
2013  is  expected  to  increase  the  distribution  of  RES  in  electricity  production  in  Cyprus  
by   4,5%.   In   order   to   proceed   with   this   target,   the   CERA   has   already   granted   seven  
licenses   for   wind   Farms   of   a   total   installed   capacity   of   265,5   MW   (Figure   2.12).  
Additionally,  due  to  the  huge  demand  there  are  more  than  20  licenses  pending  (Figure  
2.13),  raising  the  implicit  installed  capacity  to  nearly  900  MW  [11]  [26].  
  
  
Figure  2.12:  Approval  Wind  Farms  (2009)  
Source:  CERA  (2009) 
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Figure  2.13:  Under  approval  Wind  Farms  (2009)  
Source:  CERA  (2009)  
  
Under   the  new  National  Action  Plant   for  2009-­‐2013   [13],   installed   renewable  energy  
capacity  is  expected  to  reach  211  MW  in  2013,  including  165  MW  of  wind  energy.  
In   order   to   achieve   its   goals   with   regard   to   the   European   Union,   the   Government  
provides   financial   support   through   a   special   fund   for   investments   in   RES   and  
cogeneration.   Capital   grants   and   feed-­‐in   tariffs   have   been   implemented.   Moreover,  
electricity  produced   from  renewable  sources   is  given  priority   in   terms  of  grid  access,  
and  the  Electricity  Authority  of  Cyprus  is  obliged  to  buy  the  electricity  fed  into  the  grid.  
  
Renewable   energy   continues   to   grow   strongly   in   all   end-­‐use   sectors   in   Cyprus.   “As  
policies  spread,  the  geography  of  renewable  energy  sources  is  also  expanding”  [2].  
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2.2 Institutional  specificities    
  
The   main   institutional   specificities   regarding   energy   administrative   organization,  
production  and  distribution  are  presented  below[14].  
2.2.1 Energy  Service  
 
The  Energy  Service  of  the  Ministry  of  Commerce,  Industry  and  Tourism  has  the  overall  
responsibility  of  energy  in  Cyprus.  
  
The  main   responsibilities   of   the   energy   service   are  monitoring   and   coordinating   the  
supply   and   availability   of   sufficient   energy   capacity   for   domestic   needs,   supervising  
and  participating  in  the  formation  of  the  European  Policy  for  energy  issues,  suggesting  
ways   for   the   implementation  of   the  European  Acquis,   assisting   in   the  preparation  of  
Laws,  Regulations,  and  Rules,  and  implementing  programs  for  their  promotion.    
Moreover  it  has  the  responsibility  of  preparing  and  implementing  programs  for  energy  
conservation,   promoting   RES,   and   developing   of   technologies   for   the   exploitation   of  
RES.    
Also,  it  assists  the  Government  in  the  formation  of  national  energy  policy  for  Cyprus  in  
coordination  with  all  other  bodies  involved.  
Among   others,   the   Energy   Service   is   responsible   for   monitoring   the   quality   of  
petroleum   products   in   order   to   protect   consumers   and   the   environment,   and  
coordinating  the  research  for  hydrocarbon  deposits  in  the  sea  area  of  Cyprus[15].  
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2.2.2 Electricity  Authority  of  Cyprus  (EAC)  
  
The   EAC   is   an   independent,   semi   government   corporation   established   under   the  
electricity   Development   Law   Cap.171   of   1952   in   order   to   exercise   and   perform  
functions  relating  to  the  generation  and  supply  of  energy  in  Cyprus.  
With   the  accession  of  Cyprus   to   the  European  Union  on  May  2004,   the  monopolistic  
activities   of   production   and   supply   of   electricity   entered   the   realm   of   competition  
within   a   regulatory   legal   framework   established   by   the   European   acquis,  which  was  
transferred  to  the  National  Legislation.  
At  the  moment,  even  though  the  market  has  been  liberalized,  the  only  energy  provider  
in   Cyprus   is   the   EAC,   with   the   exception   of   some   industrial   units   that   are   directly  
consuming  fuel  for  the  production  of  electrical  energy[6].  
  
According  to  a  derogation  granted   in  Cyprus  by  the  European  Commission,  a  gradual  
opening  of  the  electricity  market  is  expected,  as  follows:  
§ From  January  1,  2009  the  market  opens  for  all  non-­‐household  customers  
§ From  January  1,  2014  for  all  consumers  
  
2.2.3 Transmission  System  Operator  (TSO)  
  
The   Transmission   System   Operator   was   established   following   the   decision   of   the  
Government   of   the   Republic   of   Cyprus   to   apply   the   relevant   European  Directive   for  
liberalizing  the  Electricity  Market.  
The   basic   provisions   of   the   Law   regarding   the   establishment   of   the   TSO   are   the  
following[16]:  
§ The  Transmission  System  Operator  Unit  upon  the  issue  license  by  Cyprus  Energy  
Regulatory  Authority  will  be  the  TSO  
§ The  Transmission  System  Operator  is  exclusively  responsible  for  the  operation  of  
the  transmission  system  and  has  the  responsibility  of  the  credibility,  security  and  
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its   optimum   economic   operation   and   management.   In   order   to   operate  
objectively,   the   Transmission   System   Operator   compiles   Transmission   and  
Distribution   Rules   that   regulate   the   technical   characteristics   and   the   basic  
operation  procedures  of  the  Transmission  System  
§ In   the   framework   of   operation   and  management   of   the   electricity  market,   the  
Transmission   System   Operator   compiles   and   applies   Trading   and   Settlement  
Rules  by  the  users.  The  users  of  the  Transmission  System  are  also  obliged  to  sign  
protocols  or  enter  into  agreements  with  the  TSO  
§ The  Transmission  System  Operator  is  responsible  for  the  preparation  of  Demand  
Forecasts,  Total  Consumption  Forecasts  and  Forecasts  on  the  future  behaviour  of  
the  transmission  System  
§ The  Transmission  System  Operator   is   responsible   for  securing  the  development  
and  maintenance   of   the   Transmission   System,   according   to   forecasts   about   its  
behaviour   for   the   coming   decade.   For   this   reason,   it   studies   and   prepares   the  
Ten  Year  Development  Plan  of  the  Transmission  System  
§ To  secure   the   reliable  and   least  cost   transmission  of   the  electrical  energy   from  
the  Power  Stations  to  the  Transmission  Substations  
§ To   operate   the   electricity   market   in   an   objective   manner   and   facilitate   the  
operation  of  independent  Energy  Producers  in  a  fairly  regulated  environment.  
§ To  secure  the  balance  between  generation  and  demand  of  electrical  energy  at  all  
times  
§ To  take  all  necessary  steps  in  order  to  secure  uninterruptible  supply  of  electricity  
to  all  consumers  
§ To   restore   supply   after   Generation   and   Transmission   Systems   disturbances,   in  
order  to  minimize  the  duration  of  interruptions.  
  
2.2.4 Cyprus  Energy  Regulatory  Authority  (CERA)  
  
Cyprus   Energy   Regulatory   Authority   is   an   independent   authority   of   the   Republic   of  
Cyprus   with   executive   power   and   authorities   in   the   field   of   energy.   CERA   was  
established  by  the  L.122  (I)  2003  Law  in  order  to  comply  with  the  96/92/EOK  Directive  
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of   the   European   Parliament   and   the   Council   of   December   19,   1996   concerning  
common   rules   for   the   internal   electricity   market.   Among   others,   Cyprus   Energy  
Regulatory   Authority   has   the   power   and   authority   to   consult   the  Minister   about   all  
issues   relevant   to   electricity,   to   ensure   that   the   transfer,   distribution,   and  electricity  
market   regulations   are   prepared   and   approved   in   accordance   to   the   relevant  
legislation,   to   ensure   sufficiency   in   electric   supply,   to   control   prices,   to   determine  
quality  levels,  and  to  issue,  monitor,  enforce,  modify  or  recall  permits[12].  
  
Obligations  of  the  CERA:  
§ Facilitate  healthy  competition   in   the  electricity  market  and  avoid  discrimination  
among  the  licensees  and  between  applicants  
§ Protect  consumer  interests  
§ Ensure  that  satisfy  all  reasonable  demands  and  needs  associates  with  electricity  
§ Ensure   that   licensees   who   operate   efficiently   have   the   ability   to   finance   their  
business  activities  for  which  they  have  been  licensed  
§ Promote   the   development   of   an   economically   viable   and   efficient   electricity  
market  
§ Ensure  the  security,  continuity,  quality  and  reliability  of  electricity  supply  
§ Be  mindful  of  Environmental  Protection  
§ Encourage  the  efficient  use  and  production  of  electricity  
§ Be  mindful  of  the  needs  of  rural  and  vulnerable  consumers  
§ Encourage   research   and   development   of   production-­‐transportation-­‐distribution  
and  use  of  electricity  
§ Promote  the  use  of  Renewable  Energy  Sources.  
  
2.2.5 Cyprus  Institute  of  Energy  (CIE)  
  
The   Cyprus   Institute   of   Energy   of   the  Ministry   of   Commerce,   Industry   and   Tourism  
(MCIT)  has  the  overall  responsibility  of  energy  in  Cyprus.    
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The  aim  of  CIE   is  the  development  and  promotion  of  Renewable  Energy  Sources  that  
are   known   or   will   prove   interesting   in   the   future,   aiming   to   broaden   the   use   of  
economically  viable  energy  technologies[15].  
  
Among  others,  the  institute  is  responsible  for:  
§ Monitoring   and   coordinating   the   supply   and   availability   of   sufficient   energy  
capacity  for  domestic  needs  
§ Monitoring  and  participating  in  the  formation  of  the  European  policy  for  energy  
issues  
§ Suggesting  ways  for  the  implementation  of  the  European  Acquis,  assisting  in  the  
preparation   of   Laws,   Regulations,   Rules   etc.,   and   implementing   programs   for  
their  promotion  
§ Preparing   and   implementing   programs   for   energy   conservation,   promotion   of  
Renewable  Energy  Sources,  and  developing  of  technologies  for  the  utilization  of  
RES  
§ Assisting   the   Government   in   the   formation   of   the   national   energy   policy   of  
Cyprus.  
  
2.2.6 Cyprus  Energy  Agency  (CEA)  
  
The   Cyprus   Energy   Agency   is   a   non-­‐profit   organization   which   is   funded   by   the  
European  Commission   (75%)  and  the  Cyprus  Union  of  Communities   (25%).   It  aims   to  
promote:  
a) Renewable  Energy  Sources  and  innovative  technologies  
b) Rational  and  efficient  use  of  energy  -­‐  energy  conservation  
c) Sustainable  transports    
  
The  main   objectives   of   the   Energy   Agency   are   to   contribute   to   the   achievement   of  
sustainable   development   while   taking   into   account   not   only   the   objectives   of   the  
Lisbon  Strategy  and  the  European  Strategy  for  Sustainable  Development,  but  also  the  
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energy   policy   of   the   European   Union.   This   policy   particularly   emphasizes   on   energy  
security,   competitiveness,   sustainability,   climatic   change   control,   development   and  
promotion  of   renewable  energy,   energy   saving,   and   rational  use  of   energy.   It   is   also  
dedicated   to   raise   awareness   about   sustainable   transport   in   Cyprus   and   to   update-­‐
inform  citizens  and  local  authorities  about  the  Agency[16].  
  
2.3 National  Energy  Policy  
  
The   number   of   countries   with   renewable   targets   or   support   policies   more   than  
doubled  between  2005  and  early  2011,  from  55  to  119,  and  an  increasing  number  of  
city   and   local   governments   are   promoting   renewable   energy[2].   Given   the   country’s  
strong   dependence   on   imported   energy,   the   energy   policies   of   the   Government  
involved  further  promotion  of  modern  energy  technologies  and  equipment  for  rational  
use  of  energy  and  maximum  exploitation  of  renewable  energy  sources.  
Cyprus  energy  policy  is  fully  harmonized  with  the  energy  policy  of  the  European  Union.  
  
2.3.1 Energy  policy  and  targets  
 
The   energy   policy   has   been   adopted   and   enforced   by   the   Cyprus   Ministry   of  
Commerce,  Industry  and  Tourism  in  corporation  with  all  the  relative  services,  and  has  
also  been  approved  by  the  Cabinet.  The  Ministry  of  Commerce,  Industry  and  Tourism  
examines  the  energy  needs  of  the  country  while  taking  into  account  obligations  set  by  
international   treaties   and   conventions.   Additionally,   it   establishes   the   fundamentals  
which  determine   the  objectives   to  be  achieved.  Alongside   the  energy  model  used   in  
Cyprus,  great  emphasis  is  attached  on  the  social  dimension  of  energy  economy.  
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The  main  pillars  underlying  the  national  energy  policy  are:  
a) Security  of  energy  supply  
b) Competitiveness,  safeguarding  of  a  healthy  competition  in  the  market  
c) Environmental  protection,  fulfillment  of  the  energy  demands  of  the  country  with  
the  least  possible  burden  on  the  national  economy  and  the  environment  
  
The   implementation   of   the   main   axis   of   the   energy   policy   is   formulated   by   the  
liberalization   of   the   electricity   market   which   is   accomplished   by   abolishing   the  
monopoly   of   the   Electricity   Authority   of   Cyprus   on   the   generation   and   supply   of  
electricity   through  a  35%  market  have  allowance   to   free   competition   (developments  
are  also  being  followed  to  import  natural  gas).  It  is  also  formulated  by  the  liberalization  
of   the   oil   sector   specifically   by   abolishing   the   system   of   price   controls   and   cross-­‐
subsidies   between   different   fuel   pricing   under   the   rules   of   free   market   and   the  
adjustment  of  taxation.  
Additionally,  the  energy  policy  is  formulated  by  the  establishment  and  operation  of  a  
strategic  oil   stock   terminal,   the   implementation  of  development  programs  related   to  
the   use   of   energy   conservation,   technologies,   exploitation   of   indigenous   Renewable  
Energy   Source   and   environmental   protection   from   industrial   pollution.   Also,   by   the  
promotion   of   oil   products   and   other   sources   of   energy   friendly   to   the   environment,  
such  as  natural  gas[17].  
  
2.3.2   Electricity  Market  
  
With  the  cooperation  of  all  competent  authorities,  the  Legal  Framework  was  prepared  
and  the  necessary  infrastructure  was  established  for  the  liberalization  of  the  Electricity  
Market  according  to  the  provisions  of  Directives  96/92/EC  and  2003/54/EC  concerning  
common   rules   for   the   internal  market   of   electricity.   As   a   result   of   the   liberalization,  
35%   of   the   electricity   market   has   now   become   opened   to   competition.   With   the  
accession  of  Cyprus   in  the  European  Union  (1/5/2004),  the  monopoly  status  that  the  
previous  law  was  providing  to  the  Electricity  Authority  of  Cyprus  was  terminated[18].  
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1Under  the  Regulation  of  the  Electricity  Market  Law  Article  44,  of  2003–N.  122(I)/2003  
for  compliance  with  the  European  Union  Directive  and  for  satisfaction  of  the  relevant  
legislation   of   the   Republic   of   Cyprus,   from   1/1/2009,   approximately   65%   of   the  
electricity   market   has   been   liberalized   and   all   non-­‐domestic   consumers   are   free   to  
choose  supplier  as  “eligible  consumers”.  The  remaining  35%  of  the  market  consists  of  
“non-­‐eligible  customers”,   i.e.  all  domestic  consumers  who  are  obliged  to  continue  to  
be  supplied  by  the  EAC  until  1/1/2014.  From  that  date  on  everyone  can  choose  their  
supplier  under  the  abolishing  of  electricity  market  to  the  competition.  
  
Market  liberalization  has  attracted  great  interest  in  electricity  production  from  private  
companies  activated   in   this   field.  Particularly,  many  of   these   companies  have   shown  
interest   in   the   production   of   electricity   from   Renewable   Energy   Sources   and  mainly  
from   wind   energy.   Based   on   the   targets   and   commitments   of   the   Republic   to   the  
European  Union,  electricity  generation   from  Renewable  Energy  Sources  should  reach  
13%  by  2020.  The  Ministry  of  Commerce,  Industry  and  Tourism  notoriously  subsidizes  
investments  in  electricity  generation  from  RES.  
  
The   new   Legal   Framework   for   the   electricity  market   consists   of   the   following   Laws,  
Regulations  and  Ministerial  Orders:  
§ Regulation  of  the  Electricity  Market  Law  of  2003  –  N.  122(I)/2003  
§ Law  for  the  amendment  of  the  Regulation  of  the  Electricity  Market  Law  2003  –  N.  
239(I)/2004  
§ Cyprus   Energy   Regulatory   Authority   Regulations   (employment,   promotion,  
service  and  disciplinary  control)  –  2R.A.A.  528/2004  
§ Issue  of  Licenses  Regulations  of  2004  -­‐  R.A.A.  538/2004  
§ Licenses  Record  Regulations  of  2004  -­‐    R.A.A.  466/2004  
§ Electricity  Tariffs  Procedures  Regulations  of  2004  -­‐  R.A.A.  472/2004  
                                                
1  Regarding  the  requirement  of  Directive  2003/54/EC  for  further  opening  of  the  electricity  market  the  
government  submitted  to  the  European  Commission  In  June  2004  an  application  for  derogations  on  the  
basis  of  article  26(1)  of  the  directive  for  (a)  delay  the  opening  up  of  the  market  for  all  non-­‐domestic  
consumers,  until  31/12/2008  and  (b)  delay  the  complete  opening  up  of  the  market,  until  31/12/2013.    
2  R.A.A.  =  Regulatory  Administrative  Act    
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§ Investigation  Procedures  Regulations  of  2004  -­‐  R.A.A.  465/2004  
§ Administrative  Penalties  Regulations  of  2004  -­‐  R.A.A.  468/2004  
§ Licensing  Free  Regulations  of  2004  -­‐  R.A.A.  467/2004  
§ Electricity  Amendment  Law  of  2004  –  N.  85(I)/2004  
§ Electricity  Amendment  Regulations  of  2004  -­‐  R.A.A.  471/2004  
§ Development  of  Electricity  Amendment  Regulations  of  2004  -­‐  R.A.A.  470/2004  
§ Eligible  Customer  Ministerial  Order  -­‐  R.A.A.  340/2004  
  
For  the  proper  functioning  of  the  market  and  to  ensure  conditions  for  fair  competition  
and  consumer  protection,  the  Cyprus  Energy  Regulatory  Authority  was  established  and  
the   Director   of   Transmission   System   Operator   was   appointed,   as   decided   by   the  
Cabinet[19].  
  
2.3.3 Legislative  framework  in  the  energy  sector  for  RES  
  
The  legislative  framework  for  the  promotion  of  renewable  energy  was  established  by  
the  enactment  of  N.33(I)  /2003.  However,  the  amending  Law  N.162(I)  /2006  was  also  
established   for   purposes   of   full   alignment   with   Articles   2   and   5   of   the   European  
Directive   2001/77/EC   referring   to   the   promotion   of   electricity   produced   from  
Renewable  Energy  Sources  in  the  internal  electricity  market.    
  
The  main  provision  of  the  statute  is  to  regulate  the  certification  of  electricity  produced  
from   Renewable   Energy   Sources,   the   so-­‐called   “guarantees   of   origin”   for   electricity  
from   renewable   energy   and   the   measures   that   ensure   access   priority   of   electricity  
from  renewable  energy  into  the  grid.  The  above  mention  Act  is  also  a  financial  tool  to  
support  Renewable  Energy  Sources  through  guaranteed  purchase  prices  of  electricity  
from  these  technologies.  
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Aiming  at  developing  investment  initiatives  to  establish  power  plants  using  Renewable  
Energy   Sources,   the   legislative   framework   established   rules   which   granted   financial  
incentives  for  investment  in  this  sector  while  making  provisions  preferential  treatment  
of  renewable  in  the  operation  of  the  electricity  system  and  its  distribution  load.  Also,  
in  order  to  facilitate  investors,  simplify  and  accelerate  the  process  of  licensing  projects,  
regulations  were   introduced  and  approved  by  the  Cabinet  to  act  as  “One  Stop  Shop”  
by  the  Energy  Service.  
According   to   principles,   criteria   and   procedure   for   control   exercise   over   urban  
applications  for  siting  power  plants  from  RES,  the  Directive  No.  2  under  Article  6  of  the  
Town  and  Country  Planning  Act  was  issued  by  the  Interior  Minister[20].  
  
Evolution  of  RES  policy  
The  first   formulation  of  Renewable  energy  and  energy  conservation  action  plant  was  
completed   in  1985  and  revised   in  1998.   In  year  2000,  the  Applied  Energy  Centre  and  
the  Cyprus  Institute  of  Energy  were  established.  Moreover,  the  Electricity  Authority  of  
Cyprus  agreed  to  purchase  electricity  generated  from  Renewable  Energy  Sources,  the  
Transmission  System  Operator  was  set  and  procedures  were  specified  for  licensing  and  
interconnection   of   wind   and   PV   installations   to   the   national   grid.   Also,   two   Action  
Plans  (2002-­‐2010,  2010-­‐2020)  for  RES  were  formulated,  the  legislative  framework  for  
the  promotion  of  RES  and  conservation  of  energy  (2003)  was  established,  CERA  (2004)  
was   instituted,   new   support   schemes   were   introduced   (2004)   and   new   Enhanced  
Support  Schemes  for  RES  (2006)  were  created.  
  
2.3.4 RES  targets  
  
Some   of   the   general   goals   of   the   National   Energy   Strategy   have   already   been  
converted  in  the  sequence  of  European  Union  Energy  Policy  in  particular  quantitative  
and  binding  targets  with  milestone  in  2020  (Figure  2.14).  
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The  mandatory  targets  set  by  the  Directive  on  the  Promotion  of  the  use  of  RES  are:  
a) 13%  share  of  RES  on  the  final  consumption  of  energy  
b) At  least  10%  share  of  renewable  energy  of  final  consumption  of  energy  transport  
c) Reduction  of  Greenhouse  gas  emissions  by  5%  compared  to  2005,  for  categories  
out  of  scope  of  the  Greenhouse  Gas  Emissions  Trading  System.  
  
In  order  to  achieve  those  targets  priority  will  be  given  on:  
§ Promoting  energy  saving  and  rational  use  of  energy  
§ Encouraging  the  use  of  RES  
§ Supporting   investments   in   renewable   energy   with   key   criterion   the   common  
interest  
§ Limiting   red   tape   and   simplifying   procedures   for   licensing   and   sponsorship   for  
investment  in  RES.  
  
 
Figure  2.14:  EU  Renewable  Shares  of  final  Energy,  2005  and  2009,  with  targets  to  2010  
Source:  REN21  (2011)  
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2.3.5 Overview  of  policies  and  measures  to  promote  RES  
  
Support   measures   have   been   set   and   applied   for   Renewable   Energy   Sources   as  
measures  for  RES  promotion.  A  short  review  of  all  policies  and  measures  to  promote  
the  use  of  renewable  energy  are  shown  below,  according  to  the  National  Action  Plan  
for  RES  2010-­‐2020  [17].  The  measures  mentioned  below  are  divided  into  three  types:  
regulatory,  financial  and  mild  measures.  
  
Regulatory  measures:  
§ Establishment  of  the  CIE.  The  foundation  was  incorporated  on  07.06.2000  under  
the  Council  of  Ministers  No.51.295,  dated  on  23.02.2000,  in  order  to  develop  and  
promote  renewable  energy  in  Cyprus.  The  institution  operates  since  23.12.2000.    
§ Establishment  and  operation  of   the  Special  Fund,  whose   revenues   from   levying  
€0,0022  per  kWh  are  consumed  by  all  categories  of  electricity  consumers.  Fund  
resources   are   available   solely   for   promotion   of   RES   and   for   energy   saving  
reasons.   The   Law  and   its   provisions   have  been   fully   implemented   since  August  
2003.  
§ Establishment  of  the  CERA  with  the  adoption  of  the  Electricity  Market  Regulation  
Law  2003,  N.  122(I)/2003.  The  CERA  is  an  independent  authority  of  the  Republic  
whose  main  purpose  is  to  supervise  the  energy  market  operation  in  a  liberalized  
environment   free   of   monopolies.   The   Law   and   its   provisions   have   been   fully  
implemented  since  August  2003.  
§ Establishment  of  the  TSO  with  the  adoption  of  the  Electricity  Market  Regulation  
Law   2003,   N.   122(I)/2003.   The   Law   and   its   provisions   have   been   implemented  
since  2003.  
§ Establishment  of  the  Promotion  of  Combined  Heat  and  Power  Law  2006,  N.174  
(I)/2006,  No.  4105,  date  of  publication   in  the  Official  Gazette  of  the  Republic  of  
Cyprus   29.12.2006.   The   Law   provides   Cyprus   the   legal   framework   for   the  
preparation   and   implementation   of   programs   designed   to   encourage   the  
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production   of   electricity   by   renewable   energy.   The   Law   has   been   fully  
implemented  since  29.12.2006.  
§ Obligation  of  the  TSO  to  give  priority  to  the  distribution  of  load  on  transmission  
and  distribution  system  of  electricity  produced  from  cogeneration  by  renewable  
energy   in   power   plants   up   to   7MWe.   This   right   applies   even   in   the   case   of  
electricity  surplus  from  self-­‐power  production  where  the  electricity   is  produced  
by  cogeneration  from  RES.  In  the  cases  of  self-­‐power  production  surplus,  where  
electricity   is  produced   through  high  efficiency  cogeneration,  priority   is  given   to  
installations   up   to   11MWe.   This   provision   has   been   implemented   since  
29.12.2006.  
§ Priority   purchase   obligation   for   electricity   from   renewable   energy   by   the   EAC  
considering   that   met   the   technical   requirements   specified   in   each   case.   This  
measure  has  been  in  force  since  2002.  
§ Establishment   of   clear   procedures   for   connecting   photovoltaic   systems   and  
electricity   production   systems   from   biomass   and   other   renewable   energy  
sources  with  the  network.  This  regulation  has  been  in  force  since  2002.  
§ Preparation  of  “legal  framework  for  establishing  comprehensive  locational  policy  
for   installing   wind   turbines,   wind   farms,   photovoltaic   and   other   renewable  
energy  recovery  units”.  The  framework  has  been  published  as  Command  2,  2006  
based   on   the   Urban   Planning   and   Country   Planning   Law.   Moreover,   for   the  
convenience   of   interested   investors,   the   Department   of   Urban   Planning   and  
Housing  has  created  a  map  with  areas  where  the  installation  of  wind  turbines  is  
not  permitted.  This  measure  has  been  in  force  since  2006.  
§ Issue   of   Circular   3,   2008   of   the   Minister   of   Interior   in   which   determine   the  
criteria   for  assessing  applications   for   the  determination  of   the  cases  where   the  
Urban  Planning  permission  will  be  deemed  given.  This  regulation  is  in  force  since  
2008.  
§ Adoption   of   the   institution   of   “One   Stop   Shop”  which   dictates   coordination   of  
technocratic   services   in   order   to   accelerate   and   facilitate   procedures   for  
investors.  This  regulation  has  been  in  force  since  2002.  
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§ Exemption  from  the  licensing  of  building  and  operating  wind  systems  which  are  
up   to   30kW   and   photovoltaic   systems   and   biomass  which   are   up   to   20kW,   by  
CERA.  Acceleration  of  authorization  procedures.  
§ Authorization  from  the  CERA  for  RES  units  of  up  to  5MW  power  through  a  type  
of   application.   This  measure   aims   to   the   reduction   of   investment   costs   and   to  
faster   procedures   for   small,   up   to   5MW,   RES   units,   thus   promoting   all   the  
available  small-­‐scale  renewable  energy  technologies.  
  
Financial  measures:  
§ Plan   for  Grants   in   order   to   increase   the   capacity   of   RES.   There   have   been   two  
Grants  schemes  until  now,  (a)  2004-­‐2008,  and  (b)  2009-­‐2013.  
§ Built   special   tariffs   for   the   purchase   of   electricity   produced   from   RES   and  
cogeneration   from   renewable   sources,   with   special   incentives   for   each  
technology.  This  measure  has  been  in  force  since  2002.  
§ Application  fee  for  very  small  PV,  Wind  and  Biomass  units.  This  measure  aims  to  
the   reduction  of   investment  costs  and   to   faster  procedures   for   small  RES  units,  
thus  promoting  the  small  dispersed  RES  units.  
§ Connection  fees  for  the  RES  network.  These  fees  aim  to  reduce  RES   investment  
costs  and  to  promote  electricity  from  renewable  energy.  
  
Mild  type  measures:  
§ Establishment  of   the  CEA  which   is  75%   funded   from   the  European  Commission  
through   the   “Intelligent   energy   for   Europe”   and   25%   from   Cyprus   Union   of  
Community.  The  Energy  Office  operates  since  09.02.2009.  
§ Informative  campaigns,  organized  workshops,   seminars   for  RES,  and  exhibitions  
on  the  evolution  of  renewable  energy  technologies.  
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In  order   to  promote  exploitation  of  wind  energy   for  electricity  generation   in  Cyprus,  
the  Energy  Service  has  categorized  the  wind  systems  as  follows  [21]:  
a) Small  wind  systems  with  capacity  up  to  30  kW,  which  meet  particular  needs  for  
power   in  houses  and   farms,  and  are  also  used   for   the  charging  of  batteries   for  
various  applications.  
b) Large   commercial   Wind   Farms   with   capacity   greater   than   30   kW,   used   for  
electricity  trading.  
  
Respectively,  the  photovoltaic  systems  are  categorized  as  [21]:  
a) Grid  connected  small  photovoltaic  power  systems  up  to  20kW,  to  the  extent  that  
the  total  electricity  production  does  not  exceed  the  needs  of  the  premises  where  
installed    
b) Autonomous  PV  systems  with  total  capacity  up  to  20kW,  combined  or  not  with  
other  power  systems  
c) Large  PV  power  systems  of  21-­‐150kW.  
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2.3.6 Support  for  RES  electricity  in  Cyprus    
  
In   order   to   achieve   its   strategic   objectives   for   RES   and   Energy   Conservation,   the  
Republic   should   establish   and   operate   Grant   Schemes   for   RES   and   1RUE   so   as   to  
provide   financial   incentives   in   the   form  of   governmental   grants   and/or   subsidies   for  
investment  in  renewable  energy  and  energy  saving  technologies.  
Today,  Grant  Schemes [21]  are  in  force  to  encourage  investments  in  renewable  energy  
and  energy  saving  through  financial  incentives  for  individuals  and  organizations  where  
they  are  not  engaged   in  economic  activities  as  well  as  natural  and   legal  persons  and  
public  sector  bodies  engaged  in  economic  activity,  in  22  different  categories  of  grants  
and  subsidies.  
Some  of  the  main  categories  covered  are:  
§ Equipment  for  energy  saving  
§ Residential  insulation  
§ Desalination  using  RES  
§ Solar  system  
§ Wind  Farms  
§ PV  systems  (autonomous,  grid  connected)  
§ Biomass  exploitation  
§ Biogas  exploitation  
  
The   revenues  of   the  Special   Fund   for  RES  and  Energy  Conservation  are   coming   from  
the  imposition  of  an  energy  tax  of  around  0,222  €/kWh  on  electricity  consumption.    
     
                                                
1  RUE=  Rational  Use  of  Energy  
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Grant  Schemes  for  encourage  power  production  by  large  commercial  Wind  Farms  and  
PV  systems  [13]:  
  
All   the   submitted   applications   that   satisfy   the   criteria   of   the   grant   scheme   will   be  
assessed  by  the  Administrative  Committee  of  Fund  which  there  should  be  established  
pursuant   to   Article   4   of   the   Promotion   and   Encouragement   of   use   of   Renewable  
Energy  and  Energy  Conservation  Law  of  2003-­‐2006.  
  
As  regards  to  the  category  of  large  Wind  Farms,  the  Administrative  Committee  of  the  
Special  Fund  for  RES  and  RUE  is  currently  adopting  applications  for  systems  with  total  
capacity   of   165MW   for   the   period   2009-­‐2013.   Note   that   by   the   end   of   2009,   had  
already  joined  the  scheme  Wind  Farms  with  total  wind  capacity  of  133,5  MW.  
  
As  regards  to  the  category  of  large  photovoltaic  systems  with  a  capacity  of  21-­‐150kW,  
the  Administrative  Committee  of  the  Special  Fund  for  RES  and  RUE  has  been  approving  
applications   for   systems   of   total   capacity   up   to   2MW   for   years   between   2009   and  
2013.   Moreover,   in   order   for   a   large   PV   system   to   receive   subsidy,   its   maximum  
installed  capacity  must  be  150  kWp  per  unit  per  owner.  
 
2.3.6.1 Wind  Energy  Exploitation  
 
The  Scheme   includes  an  operating  grant  subsidy  per  output  KWh  which   is   fed  to   the  
Distribution/Transmission  grid  utilizing  wind  energy  from  large  commercial  systems.  
  
The  total  sale  price  (=  buy  price  of  electricity  produced  from  RES  by  EAC  +  Grant  from  
RES  Special  Fund)  of  electricity  generated  from  wind  energy  exploitation  and  pumped  
to  the  electricity  Distribution/Transmission  grid  will  be  €0,166/kWh.  The  grant  will  be  
paid  from  the  Special  Fund  for  RES  which  results  from  the  difference  in  the  total  sales  
price  and  the  buy  price  of  electricity  generated  from  renewable  energy  by  the  EAC,  as  
currently  determined  by  the  CERA.  
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Note  that,   if   the  buy  price  per  kWh  from  EAC  exceeds   the  total   sales  price   then  EAC  
must   pay   an   additional   amount   to   the   Special   Fund   for   RES   and   RUE   in   the   first   20  
years  Wind  Farm  operation.  Also,  note  that,  if  the  average  electricity  production  from  
a  Wind  Farm  during  a  four-­‐year  period  exceeds  the  limit  of  1750  kWh/kW/year,  then  
the   investor  will  pay  the  EAC  current  tariff      for  each  additional  kWh  of  production.   If  
the  production  exceeds  the  1750  kWh/kW,  a  review  of  this  limit  will  be  possible  at  the  
end  of  each  four-­‐year  period  with  a  minimum  limit  of  1500  kWh/kW.    
Electricity   production   from  wind   systems   should   be   accompanied   by   a   guarantee   of  
origin  issued  by  an  authorized  issuer[21].  
 
The  installation  of  small  wind  turbines  is  also  granted  by  the  Grants  Scheme  of  MCIT.  
The  grant  is  for  wind  systems  of  power  capacity  up  to  30kW.  The  subsidy  is  55%  of  the  
eligible  costs  and  can  reach  the  maximum  amount  of  €51.500.  
In  addition,  electricity   generated  by   small  wind   turbines  which  are   connected   to   the  
network  will  be  sold  to  EAC  at  the  current  price  of  green  energy  (this  figures  does  not  
include  any  other  subsidy)  which  is  currently  about  11cents/kWh[13].    
 
2.3.6.2 Solar  Energy  Exploitation  
 
The  total  sales  price  (=  buy  price  of  electricity  produced  from  RES  by  EAC  +  Grant  from  
RES  Special  Fund)  of  electricity  generated  from  photovoltaic  systems  of  capacity  up  to  
20kW  and  pumped  to  the  electricity  Distribution/Transmission  grid  will  be  €0,36/kWh.  
For  the  first  20  years  of  system  operation,  the  grant  will  be  paid  from  the  Special  Fund  
for  RES  which  results  from  the  difference  in  the  total  sales  price  and  the  buy  price  of  
electricity  generated   from  renewable  energy  by   the  EAC,  as  currently  determined  by  
the  CERA.  
For  photovoltaic  systems  of  21-­‐150kW  capacity,  the  total  selling  price  of  the  generated  
electricity  which  is  fed  to  the  Distribution/Transmission  grid  will  be  €0,34/kWh  for  the  
first  20  years  of  system  operation.  
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The  total  selling  price  of  each  kWh  produced  by  photovoltaic  systems  and  fed  into  the  
distribution/transmission  grid  will  remain  stable  during  the  contract  duration  (the  first  
20  years  of  system  operation).  
According   to   the  data  of   the  Meteorological  Service  of  Cyprus   for   the  solar  potential  
and   other   relevant   study   results,   a   poly-­‐crystalline   or   mono-­‐crystalline   photovoltaic  
system   of   1KWp   nominal   capacity   installed   in   a   coastal   area   of   Cyprus   with   27°  
inclination,   South  orientation,   and   fixed  position  panel  will   produce  more   than  1500  
kWh/year  on  average  for  the  first  20  years  of  operation. 
Electricity   production   from   photovoltaic   systems   should   be   accompanied   by   a  
guarantee  of  origin  issued  by  an  authorized  issuer[21].  
  
The  installation  of  PV  systems  in  the  residential  sector  is  also  subsidized  by  the  Grants  
Scheme   (2009-­‐2013)   of   the   Ministry   of   Commerce,   Industry   and   Tourism.   For   PV  
systems  up  to  20  kW  connected  to  the  grid,  there  are  two  grant  options[13]:  
a) 55%  grant  of  the  eligible  costs  (maximum  grant  €65.000).  
Subsidy   for   kWh   sold   to   the   network   with   a   total   price   of   22,5   cents/kWh  
(subsidy=22,5cents/kWh  -­‐  EAC  buy  price).  
b) 0%  grant  of  the  eligible  costs.  
Subsidy   for   kWh   sold   to   the   network   with   a   total   price   of   38,3   cents/kWh  
(subsidy=38,3cents/kWh  -­‐  EAC  buy  price).  
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2.4 Basics  of  solar  and  wind  technologies  
  
A  brief  description  of  the  solar  and  wind  energy  sources  is  presented  in  the  following  
chapter  and  the  respective  technologies  generating  electricity  are  discussed.  
2.4.1 Photovoltaic  
  
In  all  areas  of  Cyprus,  the  solar  potential  throughout  the  year  is  very  high.  Specifically,  
it   is   the  highest   in   Europe   and   as   a   consequence,   the  utilization  of   solar   energy   is   a  
visible   option   regarding   energy   production   in   the   island.   Therefore,   PV   technology,  
which  belongs  to  the  technologies  of  renewable  energy  (RE),  is  expected  to  find  wide  
scope.  
  
Photovoltaic   (PV)   refers   to   a   technology   which   uses   a   1solar   panel   to   produce   free  
electrons   when   exposed   to   light,   resulting   in   the   production   of   an   electric   current.  
Solar  technology  does  not  release  any  greenhouse  gases  when  in  use,  as  the  process  
absorbs   light   energy   as   opposed   to   the   burning   of   a   fuel   in   order   to   generate   the  
output  of  electricity[22].  
The  PV  systems  convert  the  solar  energy  directly  into  electrical  energy.  
  
The  main  parts  of  a  PV  system  are:  
a) Solar  cell,  which  collects  the  sunlight.  It’s  a  thin  fabricated  semiconductor  in  a  flat  
surface.  The  incident  solar  radiation  generates  voltage  and  with  the  appropriate  
link  to  load  generated  electricity.  
b) PV  module,  which  consists  of  many  several  cells  connected  to  each  other  and  is  
the  basic  building  block  of  a  PV  generator.  
c) Inverter,  which   converts   the  direct   current   (DC)   to  alternating   current   (AC),   for  
daily  use.  
                                                
1  Solar  panel  is  a  semi-­‐contactor  cell  which  when  exposed  to  sunlight  converts  the  sun  rays  into  electricity  
current  
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PV  producing  energy  even  on  cloudy  days  using  scattered  light.  In  addition,  PV  panels  
can  be  incorporate  into  the  shells  of  buildings  utilizing  the  space  available  there.    
  
  
Figure  2.15:  Typical  PV  system  configuration  (grid  connected)  
 
The  PV  systems  are  divided  into  two  categories  depending  on  the  application  used:  
a) Autonomous  (not  connected  to  EAC).  
In  this  case,  the  installation  of  an  inverter  and  the  storage  of  energy  in  batteries  
are  necessary.  
b) Connected  to  EAC  grid.  
The  energy  generated  is  sold  to  the  EAC  grid.  There  is  no  need  for  batteries,  but  
the  installation  of  an  inverter  is  necessary.  
  
The  performance  of  PV  systems  is  judged  by  the  annual  output  in  kWh  and  production  
cost.  
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The  PV  performance  depends  on  climatic  conditions,  the  inclination  of  the  PV  module  
relative   to   the   horizontal   plane   and   the   orientation   (maximum   performance   at   30°  
inclination  and  a  south  orientation),  the  lifetime  of  the  PV  module  which  refers  to  the  
total  energy  produced  during  the   lifecycle  of   the  plan   (25-­‐30  years),  and  the   latitude  
(the  southern  the  area  the  higher  the  intensity  of  sunlight).  
Inclining  the  solar  panels  towards  the  sun  will  increase  the  level  of  light  falling  on  the  
surface  and  will  therefore  increase  the  PV’s  output.  PV  panels  located  on  the  equator  
will   produce   the   maximum   possible   amount   of   energy   when   laid   horizontal.   In  
Northern   latitude,   a   south-­‐facing   façade   can   collect  more   light   throughout   the   year  
and   produce   the   maximum   amount   of   energy.   The   converse   applies   in   Southern  
latitudes.  
  
The  simplest  configuration  for  a  PV  system  is  a  fixed  position  flat  panel  module.  A  fixed  
flat  panel  system  has  no  moving  parts  and  offers  the  solution  with  the  least  on-­‐going  
cost  of  the  PV  options.  However,  its  output  will  be  less  per  module  than  that  produced  
by  PV  systems  which  track  sunlight.  
In  the  case  of  a  tracking  flat  panel  module,  a  tracking  array  can  move  on  one  or  two  
axis  in  order  to  expose  the  PV  module  surface  which  follows  the  sun  and  captures  the  
greatest  amount  of  solar  radiation.  A  tracking  system  will  provide  a  greater  electrical  
output  per  module  compared  to  a  fixed  system.  
  
There  are  four  types  of  tracking  systems:  
a) Single-­‐axis  tracking  around  the  horizontal  rotation  axis  
b) Single-­‐axis  tracking  around  the  polar  axis  
c) Single-­‐axis  tracking  around  the  vertical  rotation  for  inclined  mounted  modules  
d) Two-­‐axis  tracking  
  
A   single-­‐axis   system   leads   to  an   increase  of  energy  yield  by  20-­‐30%  while  a   two-­‐axis  
system  leads  to  an  increase  of  energy  yield  at  least  by  30%.    
Tracking  is  only  considered  when  direct  radiation  is  higher  than  diffuse  radiation.  
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Moreover,  depending  on  the  type  of  PV  cells  the  efficiency  of  PV  systems  changes.  For  
example,   for   monocrystalline   silicones   (mono-­‐Si)   the   efficiency   ranges   between   14-­‐
18%,   for   polycrystalline   silicones   (poly-­‐Si)   it   ranges   between   13-­‐15%   and   for  
amorphous  silicones  (a-­‐Si)  it  ranges  between  8-­‐9%.      
A  poly-­‐crystalline  or  mono-­‐crystalline  photovoltaic  system  of  1kWp  nominal  power  in  
Cyprus,   with   an   optimum   angle   (27°),   optimum   orientation   (North)   and   a   fixed  
position,   can   produce   an   average   of   about   1.500   kWh/year   for   the   first   20   years   of  
operation  [21].  
     
2.4.2 Wind  turbines  
 
Wind   is  driven  by   the  sun’s  energy  causing  differential  heating  on   the  surface  of   the  
Earth.   The  wind   contains  mechanical   energy  which   can   be   converted   into   electricity  
using  Wind  Turbines  (extracted  kinetic  energy  from  the  wind).  The  power  in  the  wind  is  
proportional  to  the  wind  speed  cubed;  this  means  that  a  doubling  of  the  wind  speed  
will  increase  the  power  by  eight  times.  
  
At   a  wind   speed   <5  m/s,   the   energy   content   of   the  wind   is   limited.  Most   energy   is  
produced  at  wind  speeds  of  6  m/s  to  15  m/s,  and  modern  wind  turbines  are  designed  
to  give  maximum  output  at  ±  13-­‐15  m/s.  Higher  wind  speeds  become  increasingly  rare  
depending   on   location,   so   even   though   their   energy   content   is   very   high,   they   have  
minimal  effect  on  total  potential  wind  energy  production.  
  
Wind  turbines  are  placed  in  areas  with  high  wind  potential  and  are  usually  connected  
to  the  country’s  electricity  grid.  Typically,  more  than  one  turbine  is  installed  in  an  area  
creating  the  so  called  Wind  Farm  which  has  many  economic  advantages.  
The   performance   of   a   wind   turbine   depends   on   size,   which   is   a   function   of   the  
requirements  called  to  serve,  and  on  wind  speed.  
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The  bigger  the  wind  turbine,  the  more  energy  can  be  produced;  production  is  more  or  
less  proportional  to  the  1swept  area  of  the  rotor.  
The  maximum  possible   power  which   can   be   captured   by   the   use   of   a  Wind   Turbine  
rotor   is   59,3%   (2Betz   Limit)   of   the   available   power.   Today,   most   optimal   designed  
rotors   can   reach   slightly   above   50%   which   is   equal   to   approximately   90%   of   the  
maximum  achievement.  
The  electrical  output  of  Wind  Turbines  currently  ranges  from  0,5MW  to  7,0MW.  
                                                
1  Swept  area:  the  maximum  area  of  the  wind  flow  from  which  the  wind  energy  can  be  captured  and  
converted  into  electricity.  
2  Betz’  Law:  no  wind  turbine  can  convert  more  than  16/27  (59,3%)  of  the  kinetic  energy  of  the  wind  into  
mechanical  energy  turning  a  rotor.    
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There  are  two  types  of  Wind  Turbines:  
a) Horizontal-­‐axis  Wind  Turbines  (HAWTs)  
This   type   of   wind   turbine   has   the   advantage   of   capturing   higher   speeds   at   the   hub  
height  and   its  aerodynamic   loading   is  not   too  high  so   the  effect  of   the   tower  on   the  
blades   is   minimal.   The   disadvantages   of   a   HAWT   is   that   the   rotor   should   be   kept  
perpendicular  to  the  wind  direction-­‐1yaw  and  the  generator  has  to  be  in  the  nacelle  on  
top  of  a  tower  that  needs  to  be  structurally  designed  to  hold  it.    
b) Vertical-­‐axis  Wind  Turbines  (VAWTs)  
This  type  of  Wind  Turbine  can  accept  wind  in  any  direction  (no  need  to  yaw),  and  the  
gearbox  as  well  as  the  generator  are  at  ground  level.  Some  of  the  disadvantages  of  a  
VAWT   are   the   complex   aerodynamic   interactions   between   the   blade   and   the   tower  
and the  cyclic  variations  of  power  during  every  revolution.  Also,  the  rotor  is  closer  to  
the  ground  so  it  is  subject  to  lower  wind  speeds  than  a  HAWT  at  the  same  position.    
  
  
Figure  2.16:  Wind  turbine  configurations      
                                                
1  Yaw:  the  rotor  axis  of  a  Wind  Turbine  rotor  is  usually  not  aligned  with  the  wind  because  the  wind  is  
continuously  changing  direction.  The  rotor  is  not  capable  of  following  immediately  this  variability  and  so  
spends  most  of  its  time  in  a  yawed  condition.    
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The  basic  components  of  HAWTs  are:  
a) Rotor,  which   usually   consists   of   three   blades  with   a  mechanism   to   change   the  
pitch  of  the  blades  
b) Nacelle,  which  includes  the  gearbox  and  the  generator  
c) Tower,  which  supports  the  rotor  and  the  nacelle  
d) Control  systems,  additional  electrical  components  (inverters,  cabling,  etc)  
  
Figure  2.17:  HAWT  components  
  
Today,  there  are  only  horizontal-­‐axis,  large  size,  wind  turbines  available  in  the  market.  
The  market   is  dominated  by  three-­‐bladed  HAWTs  chiefly  because  the   loading   from  a  
three-­‐bladed  machine   is   lower   than   the   loading   of   a   two-­‐bladed  machine,   and   also  
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because   a   three-­‐bladed  machine   usually   rotates   slower   than   a   two-­‐bladed  machine,  
hence  the  cyclic  rotor  thrust  variations  are  lower.  
  
2.4.3 Effects  and  benefits  of  solar  and  wind  technologies  
  
Photovoltaic  
The  main  advantages  of  PV  systems  are  the  direct  production  of  electricity  even   in  a  
small  scale,  the  long  lifetime  and  reliability  during  operation,  and  the  low  operational  
cost   and  maintenance   frequency.   PV   systems operate   silently,   have   zero   emissions,  
and   require   no   mineral   fuel   imports   for   electricity   generation.   Furthermore,   these  
systems  can  be   installed   in  remote  areas  and  operate  as  decentralized  power  plants,  
while  they  can  also  be  combined  with  other  energy  sources  (hybrid  systems).   
  
The  most   important  disadvantage  of  PV  systems   is  the  high   initial  cost  mainly  due  to  
the   expensiveness   of   the   raw   material   used   to   produce   the   PV.   The   electricity  
produced   by   a   photovoltaic   system   costs   much   more   than   that   produced   by   other  
renewable   sources   or   conventional   energy   sources.   Moreover,   some   of   the   main  
disadvantages  of  PV  systems  are   that  a   large   space   for   the   installation   is   required   in  
order   to   achieve   the   desirable   level   of   power,   during   the   night   there   is   no   energy  
production   therefore,   batteries   are   required   for   autonomous   systems,   and   the   DC  
voltage  produced  by  the  PV  module  needs  to  be  converted  to  AC  (using  the  inverter),  
which  ultimately  results  in  an  energy  loss  of  4-­‐12%.  
  
Wind  turbines  
Wind  energy  is  the  fastest  growing  of  all  renewable  energy  sources.  It  is  estimated  that  
by  2012  the  global   installed  wind  power  will  be  150GW.  The  future  wind  potential   is  
expected  to  meet  10-­‐20%  of  electricity  between  2020  and  2050[23].  
The  benefits  of  wind  energy  are  that  is  a  clean  form  of  energy;  it  does  not  pollute  the  
environment   and   does   not   produce   any   greenhouse   gas   emissions.   It   is   more  
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economical   (cost-­‐effective)   than   any   other   form   of   renewable   energy   (excluding  
hydropower  in  some  cases).  
The  big  disadvantage  of  wind  energy  is  that  is  unpredictable  and  discontinuous,  so  the  
output   power   cannot   be   controlled   or   predicted.   At   the   current   stage,   we   cannot  
depend  on  wind  power  as  the  sole  energy  source.  Moreover,   the  wind  farms  occupy  
large   areas,   so   for   densely   populated   areas   is   hard   to   find   the   necessary   space   for  
siting  wind  farms.  Nevertheless,  the  main  obstacle  to  the  development  of  Wind  Farms  
is  the  high  resistance to  their   installation  by  the   local  communities  primarily  because  
of  the  noise  generated  by  the  blades  during  the  operation  and  the  aesthetic  impact  to  
the  environment.  
  
2.5 Grid  Interconnection  
  
The   transmission   network   is   the   backbone   of   the   Electricity   Authority’s   systems,  
interconnecting   the  power  stations  with   the   load  center.  The  distribution  system,  on  
the   other   hand,   constitutes   the   link-­‐pin   between   the   transmission   systems   and   the  
customers.  
  
2.5.1 Cyprus  electricity  infrastructure  
  
The   electrical   energy   produced   by   the   three   Power   Stations,   owned   and   run   by   the  
Electricity  Authority  of  Cyprus,  is  carried  through  the  high  voltage  Transmission  System  
(132  kV  and  66  kV)   to   the  Transmission  Substations   located  near  urban,   industrial  or  
other  areas,  through  which  the  main  demand  for  electrical  energy  is  provided.  
  At  the  Transmission  Substations  the  high  voltage  is  converted  to  medium  voltage  11kV  
and   through   the   overhead   or   underground   Distribution   network,   the   consumer’s  
requirements  are  satisfied  through  the  415Volt,  50Hz  Distribution  Substations.  
The  length  of  the  transmission  lines   in  2005  was  537,1Km  at  132kV  and  326,26Km  at  
66kV  [6].    
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The  transmission  network  is  capable  of  adequately  carrying  the  maximum  production,  
which   is   1118  MW   (the   installed   generation   capacity   from   RES   is   very   small   at   the  
present).  
 
Figure  2.18:  Cyprus  electricity  infrastructure  as  in  2009.  
Source:  TSO  (2008) 
  
The   Electricity   Authority   of   Cyprus   also   possesses   an   extensive   overhead   and  
underground   network   of   fiber   optic   cable.   The  Authority’s   fiber   optic   system,  which  
was   installed   in  2000,   interconnects  21  Transmission  Substations,   the  Power  Stations  
and   the   Offices   of   the   Authority   with   a   view   to   servicing   the   needs   of   the   Remote  
Control  and  Energy  Management  Systems,  as  well  as   the  needs  of  Teleproduction  of  
Transmission   Lines,   Telephony,   Remote   Load   Management   Information   Technology  
and  other  services.  
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2.5.2 RES  interconnection  Policy  
 
According  to  the  Article  16  of  the  Directive  2009/28/EC,  Member  States  shall  take  the  
appropriate   steps   to   develop   transmission   and   distribution   grid   infrastructure,  
intelligent  networks,  storage  facilities,  and  the  electricity  system,  in  order  to  allow  the  
secure   operation   of   the   electricity   system   while   accommodating   further   future  
development  of  electricity  production  from  RES.  
In  each  European  Union  Member  State,  the  competent  national  authorities  shall:  
a) Take  the  necessary  measures  to  ensure  that  the  TSO  and  the  DSO  in  their  territory  
guarantee  the  transmission  and  distribution  of  electricity  produced  from  RES  
b) Provide   for   either   priority   access   or   guaranteed   access   to   the   grid-­‐system   of  
electricity  produced  from  RES.  
c) Ensure   that   when   dispatching   electricity   generating   installations,   TSO   shall   give  
priority   to   generating   installations   using   RES   based   on   transparent   and   non-­‐
discriminatory   criteria   and   in   so   far   as   the   secure   operation   of   the   national  
electricity  system  permits.  
d) Ensure  that  appropriate  grid  and  market-­‐related  operation  measures  are  taken  in  
order   to  minimize   the   curtailment  of   electricity  produced   from  RES.   If   significant  
measures   are   taken   to   curtail   the   RE,   this   will   guarantee   the   security   of   the  
national  electricity  system  and  the  security  of  energy  supply.  
  
Member   States   shall   also   require   Transmission/Distribution   System  Operators   to   set  
up   and   publish   their   standard   rules   relating   to   the   bearing   and   sharing   of   costs   of  
technical   adaptations,   such   as   grid   connections   and   grid   reinforcements,   and   to  
improve  operation  of  the  grid,  which  is  necessary  in  order  to  integrate  new  producers  
feeding  electricity  produced  from  RES  into  the  interconnected  grid.  
Where  appropriate,  Member  States  may  require  TSO/DSO  to  bear,  in  full  or  in  part,  the  
above   mention   costs.   The   sharing   of   the   referred   costs   shall   be   enforced   by   a  
mechanism  based  on  objective,  transparent  and  non-­‐discriminatory  criteria  taking  into  
account  the  benefits  which  initially  and  subsequently  connected  producers  as  well  as  
transmission/distribution  system  operators  derive  from  the  connection.  
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Connection  charging  policy  for  RES  producers  in  Cyprus:  
All  producers  from  Renewable  Energy  Sources  will  be  charged  for  their  connection  to  
the  transmission  or  distribution  system  which  calculates  the  connection  cost  based  on  
a  shallow  connection  methodology.  
The  producer  will  bear  only   fifty  percent   (50%)  of   this  shallow  cost   (Required  Capital  
Contribution).  The  additional  50%  will  be  borne  by  the  Owner  of  the  Transmission  or  
Distribution   System,   and  will   be   recovered   through  user   charges  of   the   transmission  
system   by   the   TSO,   or   through   user   charges   of   the   distribution   system   by   the  
distribution  system  operator.  
  
Transmission  and  distribution  system  usage  charging  for  RES  producers  in  Cyprus:  
All  producers  from  Renewable  Energy  Sources  will  not  pay  fees  for  the  transmission  or  
distribution   system  usage  and   for  Ancillary  Services,   and  will  not  participate   in  plans  
for  supply  and  purchase  of  Ancillary  Services.  
Under  conditions  of  high  penetration  of  electricity  from  Renewable  Energy  Plants,  the  
operating   characteristics   of   the   Electricity   Generation,   Transmission   and  Distribution  
systems   changed   significantly.   This   created   unprecedented   challenges   for   the  
administrators   of   the   systems,   who   are   now   required   to   ensure   the   uninterrupted  
supply   of   electricity   under   the   new   operating   conditions.   These   problems   are   even  
more  serious  in  the  case  of  isolated  systems,  as  in  the  case  of  the  Cypriot  system[24].    
All  European  Union  Member  States  are  committed  to  the  promotion  of  electricity  from  
renewable   energy   sources   in   order   to   meet   specific   objectives   that   focus   on   the  
contribution  of  RES  in  the  energy  balance  of  each  state.  
  
In  order  to  address  the  problems  created  by  the  increased  penetration  of  RES  and  the  
stochastic   nature   of   the   wind   and   other   renewable   energy   sources,   the   technical  
requirements   of   the   Transmission   System,   which   are   adapted   according   to   the  
potential  of  each  technology,    have  increased  worldwide.  
For   wind   farms,   those   requirements   relate   to   the   technical   capabilities   of   the   wind  
turbines   and   the   ability   to   manage   the   electricity   from   RES   at   a   central   level.
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3 Problem  Definition    
This   chapter   discusses   whether   the   island   of   Cyprus   is   capable   to   incorporate   the  
renewable   energy   and   aims   to   determine   which   is   the   maximum   power   that   can  
produced  by  renewable  energy  technologies  (PVs  and  Wind  Farms).  
3.1 General  
 
Cyprus  is  a  country  with  considerable  renewable  energy  potential,  including  solar  and  
wind  energy,  biomass  and  geothermal  energy.  The  country  enjoys  high  solar  radiation  
throughout  the  year  and  has  areas  with  satisfying  average  wind  speeds  appropriate  for  
exploitation.   Also,   as   a   country   with   important   agricultural/livestock   production,  
Cyprus  has  considerable  potential  for  exploitation  of  agricultural,  animal  and  municipal  
wastes  and  biogas  that  can  be  recovered  from  waste  landfills.    
  
Generally,   the  wind  energy   is   considered  as  one  of   the  most   important  and  efficient  
Renewable   Energy   Sources.   Although   the  wind   potential   of   Cyprus   is   not   very   high,  
certain   areas   are   suitable   for   the   development   of   projects   for   wind   energy  
exploitation.    
  
The  fact  that  the  electricity  produced  by  a  photovoltaic  system  costs  much  more  than  
that   produced   by   other   renewable   sources   or   conventional   sources   lessens   this  
system’s   chances   of   succeeding   in   Cyprus,   despite   that   the   island   has   plenty   of  
sunshine  most   of   the   year.  However,   it   is   estimated   that   the   continuous   technology  
developments  in  PVs  will  help  to  reduce  costs  and  increase  efficiency,  thus  resulting  to  
their  expansion  in  the  coming  years.  
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3.2 Solar  Potential  
  
In  order  to  calculate  the  solar  potential  of  a  location,  measurements  of  solar  radiation  
must   be   taken.   Afterwards,   this   measurements   are   processed   in   an   appropriate  
software  were  the  final  results  for  the  solar  potential  of  the  area  is  estimated.    In  the  
following  paragraphs,  a  brief  description  of  the  solar  potential  of  Cyprus  and  a  number  
of  measurements  from  five  meteorological  stations  are  presented.  
3.2.1   Description  
 
All  areas  of  Cyprus  enjoy  plenty  of  sunshine  compared  to  most  countries  (Figure  3.1).  
In   the   central   plain   and   eastern   lowland,   the   average   number   of   hours   of   bright  
sunshine  for  the  whole  year  is  75%  of  the  time  when  the  sun  is  above  the  horizon.  
  
  
Figure  3.1:  Solar  Potential  in  Europe  
Source:  European  Commission  (2005)  
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According  to  the  Meteorological  Service  of  Cyprus,  there  is  an  average  of  11,5  hours  of  
bright  sunshine  per  day  over  the  whole  summer  whilst  in  the  winter  it  reduces  to  only  
5,5   hours   in   the   cloudiest   months,   December   and   January.   Even   on   the   high  
mountains,   the   cloudiest   winter   months   have   an   average   of   nearly   4   hours   bright  
sunshine   per   day.   On   the   contrary,   in   June   and   July   bright   sunshine   reaches   11  
hours/day.  
The  maximum  sunlight  in  Cyprus,  from  sunrise  to  sunset,  ranges  from  9,8  hours/day  in  
December   to   14,5   hours/day   in   June,   with   a   daily   average   solar   radiation   of   about  
5,4kWh/m2   on   a   horizontal   surface.   Mean   daily   global   solar   radiation   varies   from  
2,3kWh/m2   in   the   cloudiest   months   of   the   year,   December   and   January,   to   about  
7,2kWh/m2   in   July,  and  the  amount  of  global   radiation   falling  on  a  horizontal   level   is  
1727kWh/m2  per  year.  These  values  of  solar  radiation  are  consequently  very  favorable  
for  solar  energy  applications  [26].  
Conclusively,  the  exploitation  of  solar  energy  in  Cyprus  is  very  promising.  
 
Figure  3.2:  Annual  irradiation  received  by  optima-­‐inclined  PV  module.  
Source:  European  Commission  (2005)  
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3.2.2 Meteorological  data  
 
Indicative   data   of   the   annual   solar   radiation   in   horizontal   level,   as   recorded   from  
Meteorological  Stations,  is  dispersed  in  five  areas  of  the  island,  presented  in  Table  3.1.  
The  climate  database  of  the  RETScreen  software  was  used.  
  
Table  3.1:  Daily  Solar  Radiation    
     Daily  Solar  Radiation-­‐horizontal  (kWh/m2/day)  
Month   Akrotiri  Raf   Larnaca  Arpt   Nicosia   Paphos   Agia  Napa  
January   2,74   2,73   2,49   2,74   2,81  
February   3,70   3,68   3,44   3,70   3,77  
March   5,11   5,03   4,83   5,11   5,18  
April   6,28   6,25   5,98   6,28   6,46  
May   7,46   7,42   7,24   7,46   7,56  
June   8,40   8,27   8,12   8,40   8,30  
July   8,14   8,02   7,93   8,14   8,05  
August   7,32   7,31   7,08   7,32   7,36  
September   6,23   6,18   5,88   6,23   6,30  
October   4,66   4,58   4,26   4,66   4,69  
November   3,21   3,17   2,87   3,21   3,27  
December   2,45   2,46   2,20   2,45   2,56  
Annual   5,48   5,43   5,20   5,48   5,53  
  
A  typical  distribution  of  the  solar  radiation  in  Cyprus  (Figure  3.3)  reaches  its  maximum  
values   of   solar   radiation   in   June   while   its   minimum   values   are   present   in   winter  
months,  January  and  December,  as  it  is  expected.  
Moreover,  as   it   can  be  observed   from  the  above   table,   the  annual   solar   radiation  at  
different   locations   shows  very   small  deviations  at   the   same  months  of   the  year.  The  
fact  that  the  annual  solar  radiation   is  quite  high  reinforces  the   idea  that  the   island   is  
suitable  for  project  development  devoted  to  exploiting  solar  energy  potential.  
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Figure  3.3:  Solar  radiation  distribution-­‐Akrotiri  Raf  Meteorological  station.  
 
 
Figure  3.4:  Annual  Solar  Radiation  from  five  typical  stations.  
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3.3 Wind  Potential  
  
In   order   to   calculate   the   wind   potential   of   an   area,   it   is   necessary   to   take  
measurements  of  various  characteristics  of   the  wind.  Afterwards,   this  measurements  
are  processed  in  an  appropriate  software  were  the  final  results  for  the  wind  potential  
of   the   area   are  estimated.  A  brief   description  of   the  wind  potential   of  Cyprus   and  a  
number   of   measurements   from   five   meteorological   stations   are   presented   in   the  
following  paragraphs.  
3.3.1 Description  
 
Over  the  eastern  Mediterranean,  surface  winds  are  mostly  western  or  southwestern  in  
the  winter  and  northwestern  or  northern   in   the  summer.  These  winds  are  usually  of  
light  or  moderate  strength  and  they  rarely  reach  gale  force.  
  
However,   over   the   island   of   Cyprus   winds   are   quite   variable   in   direction   with  
orography  and  local  heating  effects  playing  a  significant  role  in  determining  local  wind  
direction  and  its  strength.    
Temperature  differences  between  sea  and  land,  which  built  up  daily  during  extended  
periods  of  clear  skies  in  the  summer,  are  responsible  for  creating  sea  and  land  breezes.  
While   breezes   are   mostly   observed   near   the   coasts,   in   the   summer   they   regularly  
penetrate  far  inland,  reaching  the  capital  and  often  bringing  a  welcomed  reduction  of  
temperature  but  also  an  increase  in  humidity.  
Gales   are   infrequent   over   Cyprus,   but  may   occur   especially   on   exposed   coasts   with  
winter   depressions.   Small  whirlwinds   are   common   in   the   summer,   appearing  mostly  
near  midday  as  “dust  devils”  on  the  hot  dry  central  plain.    
  
Wind  velocity  in  the  area  of  Cyprus  varies  from  mild  to  moderate.  Strong  winds  of  24  
knots  and  above  is  short  and  occur  in  cases  of  severe  weather.  Very  strong  winds  (wind  
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speed  of  above  34  knots)  are  rare  and  occur  mainly  in  the  windward  areas  where  the  
island’s  systems  are  influenced  by  very  low  pressures[25].  
The  wind  regime  of  Cyprus  is  influenced  by  three  factors  [27]:  
a) The   eastward-­‐moving   cyclones   which   pass   over   the   island,   the   effect   of   the  
Siberian  anticyclone  which  extends  ridges  over   the  Balkans   in  winter  as  well  as  
the  extension  of  the  Indian  monsoon  low  over  Cyprus  in  the  summer.  
b) The  large  temperature  differences  between  sea  and  land  (sea  and  land  breezes).  
c) The  effect  of  the  mountain  ranges,  where  the  wind  speed  may  be  enhanced  by  
the  funneling  effect  and  the  development  of  local  wind  systems.  
  
A   comprehensive   analysis   of   the   wind   speed   was   performed   in   1995   aiming   to  
establish   the   meteorological   basis   for   the   assessment   of   wind   energy   resources   in  
Cyprus  and  to  provide  suitable  data  for  evaluating  the  potential  wind  power.  Thus,  the  
Wind   Atlas   of   the   island,   in   the   form   of   contours   of   constant   wind   speed,   was  
produced   (Figure   3.5).   The   obtained   results   showed   that   although   Cyprus   is   not  
characterized   by   high   wind   potential,   some   areas   are   offered   for   wind   energy  
exploitation  projects  [26].   It   is  estimated  that  with  an  average  wind  speed  of  5,4–5,8  
m/s,  a  Wind  Farm  can  be  economically  viable.   Several  areas  have   shown  an  average  
wind  speed  of  about  5-­‐6  m/s  and  in  some  other  areas  the  average  wind  speed  reaches  
6,5-­‐7  m/s.   These   areas   are   located   on   the   southern   coastline   and   in   some   exposed  
locations   in   the   mountains,   and   seem   to   be   very   promising   for   wind   turbine  
installation.  
The  estimated  wind  capacity  for  Cyprus  is  150-­‐250  MW.  
  -58- 
  
Figure  3.5:  Cyprus  Mean  annual  Wind  Speed.  
Source:  Meteorological  Service  of  Cyprus  (2011)  
 
3.3.2 Meteorological  data  
 
Indicative  data  about  wind  speed,  as  recorded  by  Meteorological  Stations,  is  presented  
for  five  typical  areas  of  the  island  at  Table  3.2.  
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Table  3.2:  Typical  profile  of  wind  speeds  from  five  Meteorological  stations  in  Cyprus.  
     Wind  Speed  (m/s)  at  10m  
Month   Akrotiri  Raf   Larnaca  Arpt   Nicosia   Paphos   Agia  Napa  
January   4,0   3,9   5,0   4,3   5,3  
February   4,2   4,0   5,3   4,6   5,6  
March   4,0   3,8   4,7   4,3   5,2  
April   4,1   3,9   4,1   4,1   4,5  
May   4,1   3,9   3,7   3,7   4,3  
June   4,3   4,0   3,9   3,4   4,4  
July   4,5   4,2   4,2   3,2   4,7  
August   4,3   3,9   4,2   3,2   4,6  
September   3,7   3,6   4,0   3,4   4,4  
October   3,0   3,4   3,7   3,5   4,1  
November   3,4   3,8   4,3   3,9   4,5  
December   3,8   3,8   4,7   4,1   5,1  
Annual   3,9   3,8   4,3   3,8   4,7  
  
  
  
Figure  3.6:  Annual  Wind  Speeds  from  five  typical  Stations.  
  
The  measurements  of  these  specific  stations  showed  that  in  Paphos  and  Larnaca,  the  
wind  speed  is  low.  In  reality  these  regions  are  suitable  for  Wind  Farms  installation.  The  
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difference   is   due   to   significant   changes  of  wind   characteristics  which  depend  on   the  
wind’s   exact   location.   The   above   measurements   concern   the   area   of   each  
meteorological  station  exclusively  and  not  the  whole  region.      
The  wind  potential  in  Cyprus  is  not  suitable  for  wind  exploitation  as  we  can  observe  in  
the   above   table.   Nevertheless,   there   are   some   areas   of   the   island   where   the   wind  
speed  varies  between  4,5  –  5,5  m/s.  This  speed  range  makes  these  areas  is  considered  
as  a  wind  potential  capable  for  exploitation.      
 
3.4   Methodology  
  
There  are  different  softwares  for  the  estimation  of  energy  production  by  photovoltaic  
and  wind   systems,   like   the   PVSOL   (www.solardesign.co.uk)   for   photovoltaic   systems  
and   the   WindFarmer   (www.gl-­‐garradhassan.com)   for   Wind   Farm   development.   The  
reason   we   chose   the   RETScreen   software   is   because   it   can   give   results   for   both  
technologies,  it  is  available  online  and  simple  to  use.  
The   RETScreen   Clean   Energy   Project   Analysis   Software   is   a   unique   decision   support  
tool  developed  with  the  contribution  of  numerous  experts  from  government,  industry  
and  academia.  The  software  can  be  used  worldwide  to  evaluate  the  energy  production  
and  savings,  costs  emission  reductions,  financial  viability,  and  risk  for  various  types  of  
Renewable   energy   and   Energy   efficiency   Technologies.   RETScreen   also   includes  
products,  projects,  hydrology,  and  climate  databases[28].  
Although   the   RETScreen   can   help   estimate   whether   an   investment   is   economically  
viable,   this   thesis   only   focuses   on   the   evaluation   of   the   energy   production   from  
photovoltaic  and  wind  systems.  
  
As  part  of  the  software,  the  start  worksheet  is  used  to  enter  general  information  about  
the  project,  such  as  the  project  type,  the  technology  used,  and  the  grid  type,  as  well  as  
site  reference  conditions  regarding  climate.   It   is  also  used  to  select  standard  settings  
for   performing   the   analysis.   The   Energy   Model   worksheet   is   used   to   evaluate   the  
proposed  case  system.  
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In  order  to  estimate  the  energy  produced  by  photovoltaic  and  wind  turbines,  we  will  
study  the  following  scenarios  for  the  main  cities  of  South  Cyprus.  
  
As  regard  the  photovoltaic  systems,  two  scenarios  will  be  studied:  
a) Installation  of  a  small  photovoltaic  system  of  20kW  connected  to  the  grid,  which  
is  the  maximum  install  capacity  for  residential  use  
b) Installation  of  a  large  photovoltaic  system  of  150kW  connected  to  the  grid,  which  
is  the  maximum  install  capacity  for  commercial  use.  
  
As  regard  the  wind  systems,  four  scenarios  will  be  studied:  
a) Installation  of  a  small  wind  system  of  30kW  connected  to  the  grid,  which  is  the  
maximum  install  capacity  for  residential  use  
b) Installation  of  three  large  commercial  wind  systems  of  1MW,  10MW  and  100MW  
respectively,  connected  to  the  grid.  
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4 Contribution  
The   different   scenarios   which   were   studied   to   estimate   the   energy   produced   by  
photovoltaic  and  wind  systems  in  the  regions  of  Limassol,  Nicosia,  Paphos  and  Larnaca  
are  presented  below  in  two  groups  according  to  the  technology  used  and  the  size  of  
the  system.  
  
4.1 Energy  production  by  PV  systems  
  
To  estimate   the  energy  produced  by  photovoltaic   systems,  we  had   to  determine   the  
meteorological  conditions  at  the  location  of  interest  and  specifically  the  incident  solar  
radiation   at   this   location.   Selecting   the   location   of   interest   or   by   entering   the  
coordinates   of   this   specific   area,   the   RETScreen   loading   from   the   NASA   website  
(http://eosweb.larc.nasa.gov/sse/)  provides  all  the  necessary  climatic  data.  
Specifically,  we  used  poly-­‐Si  photovoltaic  modules  in  a  fix  solar  tracking  mode  with  an  
inclination   of   30°.   Also,   the   use   of   an   inverter   is   necessary   in   order   to   convert   the  
current  from  direct  (DC)  to  alternative  (AC).  Only  then  electricity  can  be  fed  in  to  the  
grid.  For  the   installation  of  photovoltaic  systems,  we  studied  small  power  systems  of  
20kW  in  urban  areas  and  large  power  systems  of  150kW  in  non-­‐urban  areas.  
The   results   obtained   by   the   software   are   listed   analytically   in   tabular   form   for   each  
study  area  at  the  end  of  the  report  in  the  Appendix  I.  
  
4.1.1 Small  PV  system  of  20kW  
  
We   decided   to   install   photovoltaic   power   systems   of   20   kW   (the   maximum   power  
permitted  for  the  residential  sector)  in  houses  or  small  plots  in  urban  areas.  Thus,  we  
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chose   the  main   cities   of   the   island   for   the   installations  which   are   Limassol,   Nicosia,  
Larnaca  and  Paphos.  The  energy  produced  will  be  fed  into  the  grid  in  the  price  of  0,36  
€/kWh.  The  specific  geographic  data  for  each  study  area  used  for  the  determination  of  
meteorological  conditions  in  these  areas  are  presented  in  the  following  tables.  
Table  4.1:  The  coordinates  of  the  study  area.  
     
  
  
Location   Latitude  (°)   Longitude  (°)   Elevation  (m)  
Nicosia   35,2   33,4   63  
Paphos   34,7   32,5   8  
Larnaca   34,9   33,6   2  
Limassol   34,7   33   69  
        
  
  
Table  4.2:  Meteorological  annual  data  in  the  main  cities  
     ANNUAL  DATA  
Location  
Solar  Radiationhorizontal  
(MWh/m2)  
Air  Temperature  
(°C  )  
Electricity  Exported  to  grid  
(MWh)  
Nicosia   1,90   20,79   33,08  
Paphos   2,00   18,93   35,49  
Larnaca   1,98   19,55   35,06  
Limassol   1,98   20,79   34,81  
        
  
  
Based  on  the  above  table,  the  annual  solar  radiation  incident  is  almost  the  same  in  all  
cities   with   only   slight   deviations.   Consequently,   it   is   expected   that   the   energy  
produced  from  photovoltaic  modules  will  be  almost  the  same  in  these  four  locations.  
Paphos   is   the   town   with   the   highest   annual   potential   for   electricity   production   by  
photovoltaic   systems   and   Nicosia   is   the   city   with   the   lowest   annual   potential   for  
electricity  production.  Nevertheless,   the   solar  potential   in   the   four   cities   is   very  high  
and  the  electricity  output  by  photovoltaic  systems  of  20kW  in  these  areas  is  significant.  
  -65- 
The  following  charts  show  the  variation  of  the  electricity  exported  to  the  grid  and  the  
daily  solar  radiation  incident  on  the  PV  modules  during  the  year,  in  each  of  these  cities.  
  
     
     
  
Figure  4.1:  Electricity  exported  to  the  grid  by  20kW  photovoltaic  power  systems  and  
Daily  solar  radiation-­‐tilted  during  the  year.    
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By   combining   the   two   diagrams,   we   can   see   how   the   incident   daily   solar   radiation  
influences   the   electricity   exported   to   the   grid.   The   daily   solar   radiation   varies  
parabolically   with   time   showing   a   maximum   during   the   summer   months   and  
particularly  in  July.  It  should  be  noted  that  the  electricity  exported  to  the  grid  shows  a  
corresponding  distribution,  with  maximum  production  in  July  and  minimum  in  winter  
months.  The  electricity  exported  to  the  grid  by  a  20kW  photovoltaic  power  system  at  
Nicosia,  Paphos,  Larnaca,  and  Limassol  varies  between  approximately  1,8-­‐2,1MWh   in  
winter  months  and  3,4-­‐3,6MWh  in  summer  months.  
Thus,   the   electricity   output   of   photovoltaic   systems   is   directly   linked   to   the   incident  
solar   radiation.   Since   the   solar   potential   is   high   in   all   four   cities,   which   are  
representative   for   the   South   territory   of   Cyprus,   the   installation   of   photovoltaic  
systems  in  urban  areas  adds  a  significant  amount  of  electricity  to  the  grid.  
 
4.1.2 Large  PV  system  of  150kW  
  
It   is  assumed  that   the   large  photovoltaic  power  systems  of  a  150  kW  (the  maximum  
power  permitted  for  commercial  units)  were  installed  in  locations  near  the  main  cities  
where  there  are  large  tracts  of  land  free  of  obstacles  that  reduce  the  efficiency  of  the  
modules.  The  energy  produced  will  be  fed  into  the  grid  in  the  price  of  0,34  €/kWh.  
The  areas  of  study  were  selected  based  on  the  map  of  solar  potential  published  by  the  
Energy  and  the  Meteorological  Services  of  Cyprus  (Figure  3.2).  
The  coordinates  of  each  area  and  the  results  as  arising  from  RETScreen  database  are  
presented  below.  
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Table  4.3:  Coordinates  of  the  study  area  
     
     
Location   Latitude  (°)   Longitude  (°)   Elevation  (m)  
ANicosia   35,1   34,4   212  
BPaphos   34,9   32,4   77  
CLarnaca   35,0   33,5   69  
DLimassol   34,8   32,8   77  
        
  
  
Table  4.4:  Meteorological  data  in  the  study  area  
     ANNUAL  DATA  
Location  
Solar  Radiationhorizontal  
(MWh/m2)  
Air  Temperature  
(°C  )  
Electricity  Exported  to  grid  
(MWh)  
A   1,90   20,27   253,22  
B   2,00   20,41   269,33  
C   1,98   20,79   266,63  
D   2,00   20,41   269,05  
        
  
  
The   above   table   shows   that   the   annual   incident   solar   radiation   to   those   locations   is  
approximately  the  same  with  small  deviations.  Locations  B  and  D,  which  are  close  to  
Paphos   and   Limassol   respectively,   are   the   study   areas  with   the  highest   potential   for  
electricity  production  by  photovoltaic  systems.  Study  area  A,  which  is  close  to  Nicosia,  
has  the  lowest  potential  for  electricity  production.  Nevertheless,  the  solar  potential  in  
the  four  cities  is  very  high  and  the  electricity  output  by  photovoltaic  systems  of  150kW  
installed  in  those  areas  is  significant.  
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The  following  charts  show  the  variation  of  the  electricity  exported  to  the  grid  and  the  
daily  solar  radiation  incident  on  the  PV  modules  during  the  year,  in  each  city.    
     
     
  
Figure  4.2:  Electricity  exported  to  the  grid  by  150kW  photovoltaic  power  systems  and  
Daily  solar  radiation-­‐tilted  during  the  year.    
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By   combining   the   two   diagrams,   we   can   see   how   the   incident   daily   solar   radiation  
influences   the   electricity   exported   to   the   grid.   The   daily   solar   radiation   varies  
parabolically   with   time   showing   a   maximum   during   the   summer   months   and  
particularly  in  July.  During  the  year,  the  incident  solar  radiation  increases  from  January  
to   July   and   then   starts   to   decreases   until   December.   The   electricity   exported   to   the  
grid   shows   the   corresponding   distribution   with   maximum   production   in   July   and  
minimum   in   winter   months,   and   varies   between   approximately   13,1-­‐16,2   MWh   in  
winter  months  and  25,7-­‐27,3  MWh  in  summer  months.  
Thus,   the   electricity   output   of   photovoltaic   systems   is   directly   linked   to   the   incident  
solar  radiation  and  since  the  solar  potential   in  all  the  cities   is  high,  the   installation  of  
photovoltaic  systems  adds  a  significant  amount  of  electricity  to  the  grid.  
  
4.2 Energy  production  by  Wind  systems  
 
In  order  to  estimate  the  energy  produced  by  wind  turbines,  we  had  to  determine  the  
meteorological   conditions  at   the   location  of   interest  and  specifically   the  wind  speed.  
After  selecting  the  area  of  interest  or  by  entering  the  coordinates  of  the  selected  area,  
the   RETScreen   extracts   the   needed   climatic   data   from   the   NASA   website  
(http://eosweb.larc.nasa.gov/sse/).    
The  study  areas  were  selected  based  on  the  map  of  wind  potential  published  by   the  
Energy  and  Meteorological  services  (Figure  3.5).  In  all  scenarios,  the  same  areas  were  
studied  since  both  small  and  large  wind  turbines  must  be  installed  in  non-­‐urban  areas  
in  order  to  avoid  obstructions  affecting  their  exposure  to  wind,  thus  ensuring  efficient  
operation.  The  study  areas  are  shown  in  the  Table  4.5.  
For   the   installation   of   the   wind   turbines,   a   small   power   system   of   30kW   and   three  
large  power  systems  of  1MW,  10MW  and  100MW  were  studied.  
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Table  4.5:  Coordinates  of  the  study  area.  
     
  
  
Location   Latitude  (°)   Longitude  (°)   Elevation  (m)  
A   35,1   33,4   212  
B   34,8   32,5   77  
C   34,9   33,5   69  
D   34,6   32,9   77  
        
  
  
It  should  be  noted  that  the   locations  A,  B,  C  and  D  belong  to  the  districts  of  Nicosia,  
Paphos,   Larnaca   and   Limassol   respectively   and   are   representative   for   the   South  
territory  of  the  island.  Also,  note  that  the  wind  speed  was  measured  at  the  height  of  
10m.   According   to   meteorological   data   loading   from   the   NASA   website  
(http://eosweb.larc.nasa.gov/sse/),   the   study   area   with   the   maximum   annual   wind  
speed   is   C   (Table   4.6).   Therefore,   area   C   is   expected   to   have   the  maximum   annual  
electricity  exported  to  the  grid.  
Table  4.6:  Meteorological  data.  
  
Annual  Data  
Location  
Wind/Speed  
(m/s)  
Air  Temperature  
(°C  )  
A   4,3   20,27  
B   4,2   18,93  
C   4,5   19,55  
D   4,2   19,52  
          
The  selection  of  the  type  of  wind  turbine  was  done  according  to  the  power  needed  for  
each  park  and  the  power  curve  of  the  wind  turbine,  which  is  the  instantaneous  power  
delivered   by   the  wind   turbine  measured   over   its   operating   range   of  wind   speeds   at  
hub  height.    
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The   results   obtained   by   the   software   are   listed   analytically   in   tabular   form   for   each  
study  area  at  the  end  of  the  report  in  the  Appendix  II.  
The  wind  speed  profile  in  the  study  areas  is  presented  in  charts  in  the  figure  below.  
     
     
Figure  4.3:  Profile  of  wind  speeds  in  four  study  areas.  
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The  distribution  of  wind  speeds   is  virtually   the  same  between  the   four   locations  and  
the  small  deviations  are  mainly  due  to  the  irregular  topography  which  slows  down  the  
speed  of  the  wind  through  friction  with  terrain.  The  profile  of  wind  speeds  on  locations  
B  and  D  is  the  same.  Minimum  values  vary  between  3,6-­‐3,8  m/s  from  May  to  October  
while   maximum   values   vary   between   4,7-­‐5,2   m/s   in   winter   months,   with   the   peak  
occurring  on  February.  In  study  area  A,  the  minimum  wind  speeds  occur  on  June  and  
October  with  a  value  of  3,9  m/s  while  the  maximum  occur  in  the  winter  months,  with  
peak   value   5,3   m/s   on   February.   As   for   study   area   C,   which   is   the   area   with   the  
maximum  annual  wind  speed,   the  minimum  values  of  wind  speed  vary  between  3,9-­‐
4,2  m/s  from  May  to  October.  Maximum  values  in  this  area  range  between  4,9-­‐5,4  m/s  
in  winter  months,  with  a  peak  on  February. 
4.2.1 Small  wind  system  of  30kW  
  
The   installation   of   a   Wind   Farm   with   a   capacity   of   30kW   (the   maximum   power  
permitted  for  the  residential  sector)  in  four  different  areas  distributed  throughout  the  
island  was  studied.  The  energy  produced  will  be  fed  into  the  grid   in  the  price  of  0,11  
€/kWh.    
The  wind   farm   consists   of   12  wind   turbines   of   2,5kW  power   capacity  with   12,3   hub  
height,  5m  rotor  diameter,    and  20m2  swept  area  per  turbine.  This  type  of  wind  turbine  
is  considered  to  be  suitable  for  these  study  areas  .The  selection  was  done  according  to  
the   power   and   energy   curve   of   the   turbine   which   provides   a   representation   of   the  
power   (in   kW)   and   energy   (in  MWh)   delivered   by   the   proxy  wind   turbine  measured  
over  a  range  of  wind  speeds.  
The   results,   as   arising   from   the   use   of   the   RETScreen,   are   presented   in   the   figures  
below.  
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Figure  4.4:  Power  and  Energy  curve  of  the  chosen  wind  turbines  (2,5kW  each)  as  
defined  by  manufacturer.  
Source:  RETScreen  Software  database 
  
Figure  4.5:  Annual  Electricity  Exported  to  the  grid  for  the  four  areas  of  study.  
 
The  maximum   annual   electricity   exported   to   the   grid   from   a  wind   power   system   of  
30kW  is  about  58MWh  and  it  is  accomplished  by  the  Wind  Farm  installed  in  study  area  
C  where  the  wind  speeds  are  the  highest  during  the  year  (Figure  4.3)  
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The   charts   below   show   the   variation   of   the   electricity   exported   to   the   grid   and   the  
wind  speeds  during  the  year  at  each  area  of  study. 
     
     
  
Figure  4.6:  Electricity  exported  to  the  grid  by  30kW  Wind  Farm  and  the  wind  speed  
during  the  year.  
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By   combining   the   two   diagrams,   it   is   evident   how   the   wind   speed   influences   the  
electricity  exported  to  the  grid.  
The   electricity   exported   to   the   grid   is   analogous   to   the  wind   speed   throughout   the  
year,   except   in   January   when   it   does   not   follow   the   wind   speed   behavior.   The  
distribution  of  electricity  exported  to  the  grid  shows  fluctuations  within  the  year  with  
the  minimum  occurring  mainly  in  June  and  October.  The  maximum electricity  exported  
to   the  grid  occurs   in   January  and  February,  but  peaks   in   January.   In   July  and  August,  
there   is  an   increasing  trend  of  energy  exported  to  the  grid,  but   is  considerably   lower  
than  the  peak  seen  in  January.  The  electricity  exported  to  the  grid  from  the  Wind  Farm  
in  area  C  is  the  highest  through  the  entire  year.  
For  study  areas  B  and  D,   the  minimum  energy  exported  to   the  grid,  which   is   seen   in  
June,   is   2,8MWh   and   2,7MWh   respectively,   while   the   maximum,   which   occurs   in  
January,   is   6,6MWh   for   both   areas.   As   regard   to   study   area   A,   the   minimum   and  
maximum  values  of  the  electricity  exported  to  the  grid  are  3MWh  in  May  and  October  
and  6,3MWh  in  January,  respectively.  For  study  area  C,  the  minimum  occurs  in  October  
and  is  3,5MWh  while  the  maximum  is  observed  in  January  and  is  6,8MWh.  
4.2.2 Large  wind  system  of  1MW  
  
The  installation  of  a  Wind  Farm  with  a  capacity  of  1MW  in  four  different  areas  of  the  
island  was  studied.  The  energy  produced  will  be  fed  into  the  grid   in  the  price  of  0,16  
€/kWh.    
The  Wind  Farm  consists  of   3  wind   turbines  of   330kW  power   capacity  with  50m  hub  
height,   33m   rotor   diameter,   and   876m2   swept   area   per   turbine.   This   type   of   wind  
turbine   is   considered   to   be   suitable   for   these   study   areas.   The   selection   was   done  
according  to  the  power  and  energy  curve  of  the  turbine.  
  
The  results  which  have  been  acquired  by   the  RETScreen  are  presented   in   the   figures  
below.  
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Figure  4.7:  Power  and  Energy  curve  of  the  chosen  wind  turbines  (330kW  each)  as  
defined  by  manufacturer.  
Source:  RETScreen  Software  database  
 
  
Figure  4.8:  Annual  Electricity  Exported  to  the  grid  for  the  four  areas  of  study.  
 
The  maximum  annual  electricity  exported  to  the  grid  from  a  wind  power  system  of  
1MW  is  about  1,7  GWh  and  as  it  can  be  expected,  it    is  achieved  by  the  Wind  Farm  
installed  in  study  area  C  where  the  wind  speeds  are  the  highest  during  the  year  (Figure  
4.3).  
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The  charts  below  show  the  variation  of  the  electricity  exported  to  the  grid  and  the  wind  speeds  
during  the  year  at  each  area  of  study.  
     
     
  
Figure  4.9:  Electricity  exported  to  the  grid  by  1MW  Wind  Farm  and  the  wind  speed  
during  the  year.  
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By   combining   the   two   diagrams,   it   is   apparent   how   the   wind   speed   influences   the  
electricity  exported  to  the  grid.  
The  electricity  exported  to  the  grid   is  analogous  to  the  wind  speed  through  the  year,  
except  in  January  when  it  does  not  follow  the  wind  speed  behavior.  The  distribution  of  
the  electricity  exported  to  the  grid  shows  fluctuations  within  the  year.    The  minimum 
electricity   exported   to   the   grid   is   observed   mainly   in   June   and   October   while   the  
maximum  is  seen  in  January  and  February,  with  a  peak  in  January.  In  July  and  August,  
there   is  an   increasing  trend  of  energy  exported  to  the  grid,  but   is  considerably   lower  
than  the  peak  occurring  in  January.  The  electricity  exported  to  the  grid  from  the  Wind  
Farm  in  area  C  is  the  highest  throughout  the  year.  
For   study  areas  B  and  D,   the  minimum  energy  exported   to   the  grid,  which  occurs   in  
June,  is  77,3MWh  and  77  MWh,  respectively.  The  maximum,  which  is  seen  in  January,  
is  190,5  MWh  and  190,4MWh,  respectively.  As  regard  to  study  area  A,   the  minimum  
and  maximum  values  of  the  electricity  exported  to  the  grid  are  85,2  MWh  in  October  
and  182,5MWh   in  February,   respectively.  For  study  area  C,   the  corresponding  values  
are  99,2  MWh  in  October  and  198,5  MWh  in  January.  
4.2.3 Large  wind  system  of  10MW  
  
The  installation  of  a  Wind  Farm  with  a  capacity  of  10MW  was  studied  in  four  different  
areas  distributed  throughout  the  island.  The  energy  produced  will  be  fed  into  the  grid  
in  the  price  of  0,16  €/kWh.    
The  Wind   Farm   consists   of   5   wind   turbines   of   2MW   power   capacity   with   95m   hub  
height,   90m   rotor   diameter,   and   6362m2   swept   area   per   turbine.   This   type   of  wind  
turbine   is   considered   to   be   suitable   for   the   study   areas.   The   selection   was   done  
according  to  the  power  and  energy  curve  of  the  wind  turbine.  
The   results,   as   arising   from   the   use   of   the   RETScreen,   are   presented   in   the   figures  
below.  
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Figure  4.10:  Power  and  Energy  curve  of  the  chosen  wind  turbines  (2MW  each)  as  
defined  by  manufacturer.  
Source:  RETScreen  Software  database 
 
  
Figure  4.11:  Annual  Electricity  Exported  to  the  grid  for  the  four  areas  of  study.  
  
The  maximum   annual   electricity   exported   to   the   grid   from   a  wind   power   system   of  
10MW  is  about  20,5  GWh  and  as  it  can  be  expected,  it  is  achieved  by  the  Wind  Farm  
installed  in  study  area  C  where  the  wind  speeds  are  the  highest  during  the  year  (Figure  
4.3).  
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The   charts   below   show   the   variation   of   the   electricity   exported   to   the   grid   and   the  
wind  speeds  during  the  year  at  each  area  of  study.  
     
     
  
Figure  4.12:  Electricity  exported  to  the  grid  by  10MW  Wind  Farm  and  the  wind  speed  
during  the  year.  
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The  electricity  exported  to  the  grid   is  proportional  to  the  wind  speed  throughout  the  
year,  with  an  only  except  in  January  when  it  does  not  follow  the  wind  speed  behavior.  
The  distribution  of  electricity  exported  to  the  grid  shows  fluctuations  within  the  year.  
The  minimum  electricity  exported  to  the  grid  is  observed  mainly  in  June  and  October  
while   the  maximum   is   seen   in   January  and  February,  with  a  peak   in   January.      In   July  
and   August,   there   is   an   increasing   trend   of   energy   exported   to   the   grid,   but   is  
considerably  lower  than  the  peak  observed  in  January.  The  electricity  exported  to  the  
grid  from  the  Wind  Farm  in  area  C  is  the  highest  throughout  the  year.  
For   study   areas   B   and   D,   the  minimum   energy   exported   to   the   grid   seen   in   June   is  
0,976GWh  and  0,973GWh,  respectively,  while  the  maximum  is  about  2,3GWh  in  both  
areas.  As  regard  to  study  area  A,  the  minimum  and  maximum  values  of  the  electricity  
exported   to   the   grid   are   around   1,08GWh   in   October   and   2,2GWh   in   January,  
respectively.  For  study  area  C,  the  minimum  value  is  around  1,26GWh  in  October  while  
the  maximum  is  2,4GWh  in  January.    
  
4.2.4 Large  wind  system  of  100MW  
  
The  installation  of  a  Wind  Farm  with  a  100MW  capacity  was  studied  in  four  different  
areas  distributed  throughout  the  island.  The  energy  produced  will  be  fed  into  the  grid  
in  the  price  of  0,16  €/kWh.    
The  Wind   Farm   consists   of   50  wind   turbines   of   2MW  power   capacity  with   95m  hub  
height,   90m   rotor   diameter,   and   6362m2   swept   area   per   turbine.   This   type   of  wind  
turbine  is  the  same  as  the  one  used  for  the  10MW  Wind  Farm  scenario.  The  selection  
was  done  according  to  the  power  and  energy  curve  of  the  wind  turbine  (Figure  4.10).  
  
The   results,   as   arising   from   the   use   of   the   RETScreen,   are   presented   in   the   figures  
below.  
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Figure  4.13:  Annual  Electricity  Exported  to  the  grid  for  the  four  areas  of  study.  
  
The  above  bar  chart  shows  that  the  maximum  annual  electricity  exported  to  the  grid  
from   a  wind   power   system  of   100  MW   is   about   205  GWh   and   it   is   achieved   by   the  
Wind  Farm  installed  at  location  C  where  the  wind  speeds  are  higher  than  in  the  other  
locations.  
  
The   charts   below   show   the   variation   of   the   electricity   exported   to   the   grid   and   the  
wind  speeds  during  the  year  at  each  area  of  study.  
By   combining   the   two   diagrams,   a   relationship   between   wind   speed   and   electricity  
exported   to   the   grid   can   be   easily   established.   Specifically,   wind   speed   affects   the  
amount  of  electricity  exported  to  the  grid.  
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Figure  4.14:  Electricity  exported  to  the  grid  by  100  MW  Wind  Farm  and  the  wind  speed  
during  the  year.  
0  
40  
80  
120  
160  
200  
240  
3,0  
3,5  
4,0  
4,5  
5,0  
5,5  
6,0  
1   2   3   4   5   6   7   8   9   10   11   12  
Electricity  Exported  to  grid  (G
W
h)  
W
in
d  
Sp
ee
d  
(m
/s
)  
Month  
A  
0  
40  
80  
120  
160  
200  
240  
3,0  
3,5  
4,0  
4,5  
5,0  
5,5  
6,0  
1   2   3   4   5   6   7   8   9   10   11   12  
Electricity  Exported  to  grid  (G
W
h)  
W
in
d  
Sp
ee
d  
(m
/s
)  
Month  
B  
0  
40  
80  
120  
160  
200  
240  
3,0  
3,5  
4,0  
4,5  
5,0  
5,5  
6,0  
1   2   3   4   5   6   7   8   9   10   11   12  
Electricity  Exported  to  grid  (G
W
h)  
W
in
d  
Sp
ee
d  
(m
/s
)  
Month  
C  
0  
40  
80  
120  
160  
200  
240  
3,0  
3,5  
4,0  
4,5  
5,0  
5,5  
6,0  
1   2   3   4   5   6   7   8   9   10   11   12  
Electricity  Exported  to  grid  (G
W
h)  
W
in
d  
Sp
ee
d  
(m
/s
)  
Months  
D  
  -84- 
Just   like  the  previous  scenarios,  the  electricity  exported  to  the  grid   is  proportional  to  
the  wind  speed  profile  throughout  the  year,  except  in  January  when  it  does  not  follow  
the  wind  speed  behavior.  The  distribution  of  the  electricity  exported  to  the  grid  shows  
fluctuations  within  the  year  with  the  minimum  occurring  mainly   in  June  and  October  
and  the  maximum  in  January  and  February.   In  July  and  August,  there  is  an  increasing  
trend  of  energy  exported  to  the  grid,  but  is  considerably  lower  than  the  peak  noted  in  
January.  Once  again,  location  C  produces  the  maximum  energy  output  throughout  the  
year  due  to  the  fact  that  this  area  has  the  highest  wind  speeds  at  any  given  time  of  the  
year.  
In  study  areas  B  and  D,   the  minimum  energy  exported   to   the  grid,  which   is  noted   in  
June,  is  9,76GWh  and  9,73GWh,  respectively,  while  the  maximum  is  about  23,11GWh  
in  both  areas  and  is  observed  in  January.  As  regard  to  study  area  A,  the  minimum  and  
maximum  values  of  the  electricity  exported  to  the  grid  are  about  10,75GWh  in  October  
and  21,95GWh  in  January,  respectively.  For  study  area  C,  the  minimum  value  is  about  
12,59GWh  in  October  while  the  maximum  is  about  23.95GWh  in  January.  
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5 Conclusions    
In   the  21st   century,   the  demand   for  energy   is  growing  worldwide.  The  emergence  of  
mechanization   and   industrialization   in   the   19th   century   introduced   a   continuous,  
increasing   desire   for   faster,   more   efficient   innovating   technologies.   The   use   of  
machines  to  replace  human  labor  marked  the  beginning  of  using  fossil  fuels  for  energy  
needs,   gradually   causing   enormous   damage   to   the   environment.   The   concept   of  
environmental  sustainability,  which  aims  to  promote  the  efficient  extraction  and  use  of  
renewable  resources  in  a  manner  that  it  does  not  deplete  the  planet’s  natural  capital,  
so   that   the   Earth   and   its   resources   can   nourish   us   and   our   descendants   for   the  
foreseeable   future,   was   induced   only   a   few   decades   ago.   The   challenge   that   the  
society   encounters,   therefore,   involves   not   only   the   identification   of   alternative  
sources  to  oil,  but  also  the  implementation  of  sustainable  development.  
  
The  main  purpose  of  this  work  was  to  assess  the  energy  produced  by  photovoltaic  and  
wind  turbines   in  Cyprus.  For   this   reason,  we  studied  various  scenarios  of  PV  systems  
and  Wind  Farm  installations  in  different  locations  of  the  island.  
  
From  the  analysis  of  data  obtained  by  the  RETScreen  software,  we  concluded  that  the  
distribution  of  electricity  exported  to  the  grid  by  a  photovoltaic  system  throughout  the  
year   follows   the   daily   incident   solar   radiation   profile.   The   lowest   energy   output   in  
Cyprus   is   presented   in  winter  months   and   the   highest   in   summer  months,   with   the  
peak  occurring  in  July.  
The  average  energy  output  per   installed  kW   in  Cyprus   is  estimated  at  approximately  
1,5MWh   per   year.   Taking   into   account   that   the   needs   for   electricity   for   an   average  
household   of   a   four-­‐member   family   is   approximately   4,5   to   5   MWh,   the   electricity  
exported  to  the  grid  by  a  20kW  PV  system  installed   in  the  cities  for  residential  use   is  
capable  of  meeting  the  needs  of  about  7  four-­‐member  families  within  a  year.  
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As  regards  to  the  installation  of  a  150kW  PV  system  for  commercial  use,  the  electricity  
exported   from   such   an   installation   enhances   the   grid,   since   the   maximum   energy  
production  coincides  with  the  daily  peak  demands  (particularly  in  summer),  helping  to  
reduce  the  peaks’  load.  
The  results  arising  from  the  two  scenarios  of  PV  system  installation  show  that  in  both  
cases   the  energy  output  of   the  systems   is  significant  and  may  contribute  by  meeting  
the  energy  needs  of  a  portion  of   the  population,  with   relatively   low  production   cost  
and  no  environmental  costs.    
  
Regarding   the   installation  of  Wind  Farms,   it   can  be  observed   that   the  distribution  of  
electricity  exported   to   the  grid   follows   the  profile  of  wind   speed   in  each   study  area.  
The  lowest  energy  output  from  a  Wind  Farm  in  Cyprus  was  noted  mainly  between  May  
and  October  while  the  highest  energy  output  was  produced  in  winter  months,  with  the  
peak  seen  mostly  in  January.  
The  annual  electricity  exported  to   the  grid  by  a  small  wind  park  of  30kW  installed   in  
rural  areas   is  capable  of  satisfying  the  needs  for  electricity  of  about  12  four-­‐member  
families  during  a  year.  
Large   wind   farms   installed   in   high   wind   potential   areas   can   produce   significant  
amounts  of  energy  when  selecting  the  proper  type  of  wind  turbine,  a  selection  which  is  
based  mainly  on  the  power  and  energy  curve  of  the  turbine.  For  instance,  a  Wind  Farm  
of   total   capacity   100MW   enhances   the   grid   by   an   amount   of   electricity   which  
corresponds  to  about  4%  of  the  total  electricity  demand.  
The   installation   of   small   and   large   wind   farms   results   in   providing   the   grid   with   a  
significant  amount  of  energy.  
  
The   installation   of   photovoltaic   and   wind   turbines   is   expected   to   contribute   to   the  
achievement   of   European   and   National   targets   which   include   increasing   the  
percentage   contribution   of   RES   in   the   energy   balance   and   reducing   emissions   of  
carbon  dioxide.  
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Since  Cyprus  is  an  island  which  is  away  from  interconnected  networks  of  electricity  and  
gas  (at  the  moment)  and  since  it  does  not  possess  any  indigenous  conventional  energy  
sources,   the   use   of   renewable   energy   sources   simultaneously   could   most   certainly  
increase  the  security  of  energy  supply.  
  
Further   research   on   load   flows   is   necessary   for   the   completeness   of   the   analysis,   in  
order   to   find   the   real   limitations   of   the   network   system.   Through   this   analysis,   the  
wind  and  solar   resources  of   the   island  and  their  contribution  to  the  electrification  of  
the   country   will   be   reexamined.   The   work   will   be   integrated   by   specified,   precise  
locations  of  interest,  by  more  detailed  investigation  having  disposal  land  register  data.  
The  study  of  those  areas  will  led  to  the  identification  of  the  most  promising  locations  
for  the  installation  of  photovoltaic  and  wind  turbines,  taking  into  account  not  only  the  
source  potential  but  also  the  economical  viability  of  such  an  investment.  
Moreover,  a  further  analysis  should  be  contacted  in  order  to  estimate  the  level  of  RES-­‐
e   penetration   regarding   the   future   power   generation   expansion   of   the   Cyprus  
generation  system.  
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Glossary  
RES  =  Renewable  Energy  Sources  
REN21  =  Renewable  Energy  Policy  Network  for  the  21st  Century  
WWEA  =  World  Wind  Energy  Association  
TSO  =  Transmission  System  Operator  
DSO  =  Distribution  System  Operator  
CERA  =  Cyprus  Energy  Regulatory  Authority  
CIE  =  Cyprus  Institute  of  Energy  
EAC  =  Electricity  Authority  of  Cyprus  
MCIT  =  Ministry  of  Commerce,  Industry  and  Tourism  
PV  =  Photovoltaic  
HAWT  =  Horizontal  Axis  Wind  Turbine  
VAWR  =  Vertical  Axis  Wind  Turbine  
RES-­‐e  =  electricity  from  RES  
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Appendix  I  
NICOSIA:  20  kW  PV  system  
Month  
Daily  solar  
radiation  -­‐  
horizontal  
Daily  solar  
radiation  -­‐  
tilted  
Electricity  
export  rate  
Electricity  
exported  to  
grid  
Air  
temperature  
Wind  
speed  
     kWh/m²/d   kWh/m²/d   €/MWh   MWh   °C   m/s  
January   2,49   3,58   360,00   1,89   12,15   5,00  
February   3,44   4,48   360,00   2,118   11,93   5,28  
March   4,83   5,60   360,00   2,885   13,89   4,68  
April   5,98   6,17   360,00   3,025   17,53   4,11  
May   7,24   6,83   360,00   3,387   21,57   3,74  
June   8,12   7,32   360,00   3,431   25,89   3,93  
July   7,93   7,29   360,00   3,476   29,28   4,21  
August   7,08   7,06   360,00   3,364   29,40   4,16  
September   5,88   6,59   360,00   3,076   26,82   3,98  
October   4,26   5,44   360,00   2,695   22,70   3,74  
November   2,87   4,08   360,00   2,026   17,70   4,26  
December   2,20   3,25   360,00   1,706   13,74   4,68  
Annual   5,20 5,65 360,00 33,079 20,27 4,31 
 
PAPHOS:  20  kW  PV  system  
Month  
Daily  solar  
radiation  -­‐  
horizontal  
Daily  solar  
radiation  –  
tilted  
Electricity  
export  rate  
Electricity  
exported  to  
grid  
Air  
temperature  
Wind  
speed  
     kWh/m²/d   kWh/m²/d   €/MWh   MWh   °C   m/s  
January   2,74   4,06   360,00   2,127   12,40   4,30  
February   3,70   4,89   360,00   2,301   12,30   4,60  
March   5,11   5,97   360,00   3,07   13,60   4,30  
April   6,28   6,50   360,00   3,187   16,70   4,10  
May   7,46   7,04   360,00   3,506   19,90   3,70  
June   8,40   7,56   360,00   3,574   23,30   3,40  
July   8,14   7,47   360,00   3,615   25,70   3,20  
August   7,32   7,31   360,00   3,522   26,20   3,20  
September   6,23   7,03   360,00   3,306   24,30   3,40  
October   4,66   6,07   360,00   3,008   21,30   3,50  
November   3,21   4,71   360,00   2,327   17,10   3,90  
December   2,45   3,74   360,00   1,956   13,90   4,10  
Annual   5,48   6,03   360,00   35,498   18,93   3,80  
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LARNACA:  20  kW  PV  system  
Month  
Daily  solar  
radiation  -­‐  
horizontal  
Daily  solar  
radiation  –  
tilted  
Electricity  
export  rate  
Electricity  
exported  to  
grid  
Air  
temperature  
Wind  
speed  
     kWh/m²/d   kWh/m²/d   €/MWh   MWh   °C   m/s  
January   2,73   4,04   360,00   2,122   11,80   3,90  
February   3,68   4,86   360,00   2,291   11,80   4,00  
March   5,03   5,87   360,00   3,017   13,70   3,80  
April   6,25   6,47   360,00   3,162   17,40   3,90  
May   7,42   7,00   360,00   3,467   21,30   3,90  
June   8,27   7,45   360,00   3,5   25,00   4,00  
July   8,02   7,37   360,00   3,541   27,40   4,20  
August   7,31   7,30   360,00   3,494   27,70   3,90  
September   6,18   6,97   360,00   3,259   25,60   3,60  
October   4,58   5,94   360,00   2,939   22,00   3,40  
November   3,17   4,63   360,00   2,293   17,00   3,80  
December   2,46   3,76   360,00   1,97   13,40   3,80  
Annual   5,43   5,97   360,00   35,056   19,55   3,85  
  
LIMASSOL:  20  kW  PV  system  
Month  
Daily  solar  
radiation  -­‐  
horizontal  
Daily  solar  
radiation  -­‐  
tilted  
Electricity  
export  rate  
Electricity  
exported  to  
grid  
Air  
temperature  
Wind  
speed  
     kWh/m²/d   kWh/m²/d   €/MWh   MWh   °C   m/s  
January   2,73   4,02   360,00   2,098   13,50   5,20  
February   3,68   4,84   360,00   2,272   13,20   5,40  
March   5,03   5,86   360,00   2,998   14,80   5,00  
April   6,25   6,46   360,00   3,149   18,10   4,40  
May   7,42   6,99   360,00   3,458   21,70   4,10  
June   8,27   7,44   360,00   3,487   25,60   4,00  
July   8,02   7,36   360,00   3,518   28,60   4,20  
August   7,31   7,29   360,00   3,468   29,10   4,20  
September   6,18   6,95   360,00   3,234   27,00   4,00  
October   4,58   5,92   360,00   2,915   23,30   3,90  
November   3,17   4,61   360,00   2,266   18,90   4,40  
December   2,46   3,74   360,00   1,947   15,10   4,90  
Annual   5,43   5,96   360,00   34,809   20,79   4,47  
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A:  150  kW  PV  system  
Month  
Daily  solar  
radiation  -­‐  
horizontal  
Daily  solar  
radiation  -­‐  
tilted  
Electricity  
export  
rate  
Electricity  
exported  to  
grid  
Air  
temperature  
Wind  
speed  
     kWh/m²/d   kWh/m²/d   €/MWh   MWh   °C   m/s  
January   2,49   3,60   340,00   14,51   12,15   5,00  
February   3,44   4,49   340,00   16,23   11,93   5,28  
March   4,83   5,61   340,00   22,08   13,89   4,68  
April   5,98   6,18   340,00   23,13   17,53   4,11  
May   7,24   6,84   340,00   25,9   21,57   3,74  
June   8,12   7,33   340,00   26,24   25,89   3,93  
July   7,93   7,30   340,00   26,58   29,28   4,21  
August   7,08   7,07   340,00   25,72   29,40   4,16  
September   5,88   6,60   340,00   23,54   26,82   3,98  
October   4,26   5,45   340,00   20,65   22,70   3,74  
November   2,87   4,10   340,00   15,55   17,70   4,26  
December   2,20   3,27   340,00   13,11   13,74   4,68  
Annual   5,20   5,66   340,00   253,22   20,27   4,31  
  
B:  150  kW  PV  system  
Month  
Daily  solar  
radiation  -­‐  
horizontal  
Daily  solar  
radiation  -­‐  
tilted  
Electricity  
export  
rate  
Electricity  
exported  to  
grid  
Air  
temperature  
Wind  
speed  
     kWh/m²/d   kWh/m²/d   €/MWh   MWh   °C   m/s  
January   2,74   4,06   340,00   16,17   13,50   5,10  
February   3,70   4,89   340,00   17,52   13,10   5,20  
March   5,11   5,98   340,00   23,35   14,60   4,90  
April   6,28   6,50   340,00   24,24   17,60   4,30  
May   7,46   7,04   340,00   26,65   21,00   3,80  
June   8,40   7,56   340,00   27,09   25,00   3,60  
July   8,14   7,47   340,00   27,34   27,90   3,80  
August   7,32   7,31   340,00   26,65   28,30   3,80  
September   6,23   7,03   340,00   25,01   26,40   3,70  
October   4,66   6,07   340,00   22,8   23,10   3,70  
November   3,21   4,71   340,00   17,65   18,80   4,30  
December   2,45   3,74   340,00   14,87   15,10   4,70  
Annual   5,48   6,03   340,00   269,33   20,41   4,24  
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C:  150  kW  PV  system  
Month  
Daily  solar  
radiation  -­‐  
horizontal  
Daily  solar  
radiation  -­‐  
tilted  
Electricity  
export  
rate  
Electricity  
exported  to  
grid  
Air  
temperature  
Wind  
speed  
     kWh/m²/d   kWh/m²/d   €/MWh   MWh   °C   m/s  
January   2,73   4,05   340,00   16,13   13,50   5,20  
February   3,68   4,86   340,00   17,42   13,20   5,40  
March   5,03   5,87   340,00   22,95   14,80   5,00  
April   6,25   6,47   340,00   24,09   18,10   4,40  
May   7,42   7,00   340,00   26,45   21,70   4,10  
June   8,27   7,45   340,00   26,67   25,60   4,00  
July   8,02   7,37   340,00   26,91   28,60   4,20  
August   7,31   7,30   340,00   26,53   29,10   4,20  
September   6,18   6,97   340,00   24,75   27,00   4,00  
October   4,58   5,95   340,00   22,35   23,30   3,90  
November   3,17   4,64   340,00   17,4   18,90   4,40  
December   2,46   3,77   340,00   14,98   15,10   4,90  
Annual   5,43   5,98   340,00   266,63   20,79   4,47  
  
D:  150  kW  PV  system  
Month  
Daily  solar  
radiation  -­‐  
horizontal  
Daily  solar  
radiation  -­‐  
tilted  
Electricity  
export  
rate  
Electricity  
exported  to  
grid  
Air  
temperature  
Wind  
speed  
     kWh/m²/d   kWh/m²/d   €/MWh   MWh   °C   m/s  
January   2,74   4,05   340,00   16,13   13,50   5,10  
February   3,70   4,88   340,00   17,49   13,10   5,20  
March   5,11   5,97   340,00   23,33   14,60   4,90  
April   6,28   6,50   340,00   24,23   17,60   4,30  
May   7,46   7,03   340,00   26,63   21,00   3,80  
June   8,40   7,55   340,00   27,07   25,00   3,60  
July   8,14   7,47   340,00   27,32   27,90   3,80  
August   7,32   7,30   340,00   26,63   28,30   3,80  
September   6,23   7,02   340,00   24,99   26,40   3,70  
October   4,66   6,06   340,00   22,77   23,10   3,70  
November   3,21   4,70   340,00   17,61   18,80   4,30  
December   2,45   3,73   340,00   14,83   15,10   4,70  
Annual   5,48   6,03   340,00   269,05   20,41   4,24  
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Appendix  II  
A:  Meteorological  conditions  
Month  
Wind  speed  
at  A  
Nicosia  
Air  
temperature  
Daily  solar  
radiation  -­‐  
horizontal  
   m/s   m/s   °C   kWh/m²/d  
January   5,00   5,00   12,15   2,49  
February   5,30   5,28   11,93   3,44  
March   4,70   4,68   13,89   4,83  
April   4,10   4,11   17,53   5,98  
May   3,70   3,74   21,57   7,24  
June   3,90   3,93   25,89   8,12  
July   4,20   4,21   29,28   7,93  
August   4,20   4,16   29,40   7,08  
September   4,00   3,98   26,82   5,88  
October   3,70   3,74   22,70   4,26  
November   4,30   4,26   17,70   2,87  
December   4,70   4,68   13,74   2,20  
Annual   4,31   4,31   20,27   5,20  
 
B:  Meteorological  conditions  
Month  
Wind  speed  
at  B  
Paphos/Baf  
Intl  
Air  
temperature  
Daily  solar  
radiation  -­‐  
horizontal  
   m/s   m/s   °C   kWh/m²/d  
January   5,10   4,30   12,40   2,74  
February   5,20   4,60   12,30   3,70  
March   4,90   4,30   13,60   5,11  
April   4,30   4,10   16,70   6,28  
May   3,80   3,70   19,90   7,46  
June   3,60   3,40   23,30   8,40  
July   3,80   3,20   25,70   8,14  
August   3,80   3,20   26,20   7,32  
September   3,70   3,40   24,30   6,23  
October   3,70   3,50   21,30   4,66  
November   4,30   3,90   17,10   3,21  
December   4,70   4,10   13,90   2,45  
Annual   4,24   3,80   18,93   5,48  
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C:  Meteorological  conditions  
Month   Wind  speed  
Larnaca/Larn
ax  Arpt  
Air  
temperature  
Daily  solar  
radiation  -­‐  
horizontal  
   m/s   m/s   °C   kWh/m²/d  
January   5,20   3,90   11,80   2,73  
February   5,40   4,00   11,80   3,68  
March   5,00   3,80   13,70   5,03  
April   4,40   3,90   17,40   6,25  
May   4,10   3,90   21,30   7,42  
June   4,00   4,00   25,00   8,27  
July   4,20   4,20   27,40   8,02  
August   4,20   3,90   27,70   7,31  
September   4,00   3,60   25,60   6,18  
October   3,90   3,40   22,00   4,58  
November   4,40   3,80   17,00   3,17  
December   4,90   3,80   13,40   2,46  
Annual   4,47   3,85   19,55   5,43  
 
D:  Meteorological  conditions  
Month   Wind  speed   Akrotiri  RAF  
Air  
temperature  
Daily  solar  
radiation  -­‐  
horizontal  
   m/s   m/s   °C   kWh/m²/d  
January   5,10   4,00   12,50   2,74  
February   5,20   4,20   12,40   3,70  
March   4,90   4,00   14,20   5,11  
April   4,30   4,10   17,40   6,28  
May   3,80   4,10   20,90   7,46  
June   3,60   4,30   24,30   8,40  
July   3,80   4,50   26,70   8,14  
August   3,80   4,30   27,00   7,32  
September   3,70   3,70   25,20   6,23  
October   3,70   3,00   21,90   4,66  
November   4,30   3,40   17,40   3,21  
December   4,70   3,80   13,80   2,45  
Annual   4,24   3,95   19,52   5,48  
 
  
  -101- 
30  kW  Wind  Farm   Electricity  Exported  to  the  grid  (MWh)  
Month   A   B   C   D  
January   6,26   6,59   6,84   6,59  
February   6,27   6,15   6,59   6,15  
March   5,50   6,08   6,32   6,07  
April   3,85   4,40   4,63   4,39  
May   3,03   3,31   3,99   3,29  
April   3,27   2,76   3,57   2,75  
July   4,03   3,22   4,12   3,21  
August   4,03   3,22   4,12   3,21  
September   3,50   2,95   3,57   2,94  
October   3,03   3,09   3,50   3,08  
November   4,33   4,41   4,65   4,40  
December   5,52   5,60   6,11   5,61  
Annual   52,60   51,78   58,00   51,70  
1  MW  Wind  Farm   Electricity  Exported  to  the  grid  (MWh)  
Month   A   B   C   D  
January   180,35   190,49   198,50   190,42  
February   182,50   178,59   192,44   178,52  
March   157,07   174,50   181,92   174,13  
April   108,56   124,70   131,50   124,40  
May   85,29   93,38   112,54   93,06  
April   92,66   77,29   100,47   77,03  
July   113,97   91,07   116,61   90,77  
August   114,03   91,00   116,60   90,76  
September   98,39   83,06   100,45   82,81  
October   85,22   86,99   99,17   86,81  
November   122,76   124,96   132,15   124,83  
December   157,67   160,11   175,28   160,16  
Annual   1498,46   1476,14   1657,64   1473,72  
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10  MW  Wind  Farm   Electricity  Exported  to  the  grid  (MWh)  
Month   A   B   C   D  
January   2.194,72   2.311,66   2.395,28   2.310,85  
February   2.190,08   2.154,98   2.297,54   2.154,22  
March   1.930,30   2.129,95   2.213,87   2.125,50  
April   1.372,02   1.559,44   1.636,94   1.555,68  
May   1.075,96   1.181,94   1.422,41   1.177,92  
April   1.176,40   976,08   1.277,85   972,79  
July   1.432,36   1.152,75   1.465,55   1.148,91  
August   1.433,10   1.151,87   1.465,40   1.148,79  
September   1.251,44   1.047,79   1.277,58   1.044,62  
October   1.075,00   1.097,35   1.259,04   1.095,12  
November   1.535,19   1.562,72   1.645,07   1.561,11  
December   1.937,75   1.967,69   2.139,49   1.968,38  
Annual   18.604,32   18.294,22   20.496,01   18.263,90  
100MW  Wind  Farm   Electricity  Exported  to  the  grid  (MWh)  
Month   A   B   C   D  
January   21.947,20     23.116,58     23.952,79     23.108,49    
February   21.900,79     21.549,79     22.975,38     21.542,24    
March   19.302,99     21.299,52     22.138,71     21.255,02    
April   13.720,22     15.594,42     16.369,36     15.556,83    
May   10.759,58     11.819,44     14.224,09     11.779,23    
April   11.763,96     9.760,76     12.778,51     9.727,93    
July   14.323,59     11.527,55     14.655,46     11.489,08    
August   14.331,03     11.518,66     14.654,04     11.487,95    
September   12.514,45     10.477,87     12.775,77     10.446,25    
October   10.749,96     10.973,51     12.590,39     10.951,19    
November   15.351,93     15.627,20     16.450,67     15.611,06    
December   19.377,51     19.676,93     21.394,93     19.683,79    
Annual   186.043,20     182.942,23     204.960,12     182.639,03    
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